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a b s t r a c t
A total of 12,323 summer flounder were tagged and released in Chesapeake Bay, 
the coastal waters off Virginia Beach, and the Eastern Shore during 1987-89. Excluding 
immediate recaptures, a total of 675 were recaptured for an overall return rate of 5.5%, 
Returns from the commercial fishery (56.2%) outnumbered those from the recreational 
fishery (35.7%). The majority of returns (47.1%) came from either Virginia waters or 
areas to the south, while only 12.8% were from areas to the north of Virginia. Offshore 
returns accounted for 8.5% of the total. Returns with insufficient location data made 
upthe remaining 31.5%. Of the returns with sufficient recapture location data, 69% were 
from Virginia waters or areas to the south. Differences in length at tagging were noted 
between these groups with smaller fish accounting for a larger proportion of the retuns 
from northern waters. The returns from Virginia waters and areas to the south were more 
representative of the entire size range of fish tagged. No behavioral differences were 
noted between tagged and untagged summer flounder held in the laboratory. No tag 
losses were noted in fish held over the course of one year.
Scales were used to age summer flounder and were found to be adequate for ages 
0-3, older fish were more difficult to age with scales. Percent agreement between scale 
and otolith determined ages (n =  170) was 100% for ages 0-5. Length frequencies of 
summer flounder were used to validate scale determined ages during 1987-89. Prominent 
modes in length frequencies represented ages 0-2, afterwards, differential growth between 
the sexes obscured the modes. Marginal increment analysis proved that the marks formed 
on scales were annular for ages 1-4 and that annulus formation occurred in May-June, 
at sizes ranging from 179-367 mm TL. Overall mean backcalculated length and the mean 
observed length in May for age-1 fish were 262 vs 265.4 mm. Mean backcalculated 
lengths for males were 249, 337, 393, and 455 mm TL for ages 1-4. Mean 
backcalculated lengths for females were 273, 379, 470, and 550 mm TL for ages 1-4. 
Backcalculated lengths at ages 1-7 for the pooled sexes were 262, 377, 473, 546, 600, 
655, and 696 mm TL.
Length-weight relations were calculated by sex for 2,172 fish. Overall sex ratio 
was 1:1.32, males to females. The sex ratio was approximately 1:1 for length groups up 
to 360 mm TL. Females outnumbered males at sizes greater than 360 mm TL. Male 
summer flounder reached 50% maturity at 261-270 mm TL, while females attained 50% 
maturity at 361-370 mm TL. Overall catch per unit effort decreased from 1.65 fish 
caught per minute to 0.4 from 1987 to 1989. Instantaneous rates of mortality for summer 
flounder caught in Chesapeake Bay and coastal waters ranged from 0.964 in 1988, to 
1.655 in 1987. Instantaneous rates of mortality for summer flounder caught at 
Wachapreague ranged from 0.844 in 1989, to 3.608 in 1987.
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MOVEMENTS AND ECOLOGY OF SUMMER FLOUNDER, 
PARALICHTHYS DENTATUS. TAGGED IN THE 
SOUTHERN MID-ATLANTIC BIGHT
GENERAL INTRODUCTION
The summer flounder, or fluke, Paralichthvs dentatus (L.), is one of the most 
important commercial and recreational fish species on the Atlantic coast. It ranges from 
Nova Scotia to Florida, while its center of abundance is from Cape Cod, MA to Cape 
Fear, NC (Leim and Scott 1966, Gutherz 1967). Two closely related species, the 
southern flounder (E. lethostigma), and the gulf flounder (E. albiguttal, occur south of 
Oregon Inlet, NC and are often combined with summer flounder in the commercial 
landings reported there (Scarlett 1981).
The summer flounder is one of the larger members of the family Bothidae. 
Bigelow and Schroeder (1953) reported a maximum weight of 30 lbs (13.6 kg) for a fish 
captured off Fishers Island, N. Y. in 1915, though they stated that this species ordinarily 
grew to a maximum of 15 lbs (6.8 kg), and a length of 3 ft (91.4 cm). The largest 
verified record was 26 lbs (11.8 kg), while the largest taken by the sport fishery weighed 
22 lbs 7 oz (10.2 kg), and was caught off Montauk, NY, in 1975 (Bigelow and Schroeder 
1953, IGFA 1992).
Summer flounder inhabit coastal and estuarine waters during warmer months of 
the year and are found offshore in 20 to 100 fins (36 to 182 m) of water during the fall 
and winter (Bigelow and Schroeder 1953, Scarlett 1981). Serial spawning occurs during 
fall and winter as fish move offshore, or at their wintering grounds (Morse 1981). The 
migratory spawning pattern varies with latitude, the fish spawning from September to 
December north of Chesapeake Bay, and from November to February south of the Bay
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(Smith 1973). Larvae and post-larvae drift and migrate inshore, entering coastal and 
estuarine nursery areas from October to May (Smith 1973).
The primary nursery grounds of summer flounder have been reported to be the 
sounds of North Carolina, Chesapeake Bay, and the seaside bays of Virginia's Eastern 
Shore (Poole 1966, Festa 1974, Scarlett 1981). The importance of other coastal regions, 
in particular, New Jersey, may have been overlooked in the past (Able et al. 1990, 
Szedlemayer et al 1992).
Juvenile summer flounder in North Carolina waters are reported to overwinter in 
bays and sounds, while farther north there is some movement offshore (Smith and Daiber 
1977, Wilk et al. 1980). The adults return inshore in the spring with a tendency to return 
to the same area as the previous year, or to return to the north and east (Hamer and Lux 
1962, Poole 1962, Murawski 1970, Lux and Nichy 1981).
Extensive commercial and recreational fisheries exist for summer flounder from 
Massachusetts to North Carolina, with the majority of commercial landings coming from 
New Jersey, Virginia, and North Carolina. Large fluctuations in recent landings have 
been characteristic of the commercial fishery (Fig. la). Reported landings ranged between 
4632 to 10111 Metric tons (Mt) from 1944 to 1967 (MAFMC 1987). Landings reached 
their lowest point of 3037 Mt in 1969, and then steadily increased to an all-time high of 
19005 Mt in 1979. During 1989 and 1990, commercial landings of summer flounder 
decreased precipitously from each of the previous years. Overall, the landings decreased 
71.4% from 1988 to 1990. They rebounded slightly to 7300 Mt in 1992, which was 
somewhat
3
4Figure 1. Summer flounder A) commercial and B) recreational landings for 1970-93.
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5less than the 1989 landings of 8100 Mt, and were on par with those of the 1950's 
(USDOC 1993).
The National Marine Fisheries Service (NMFS) implemented the Marine 
Recreational Fishing Statistics Survey (MRFSS) in 1979 to obtain catch statistics and 
related information from the recreational fishery (Essig et al. 1991). The recreational 
fishery has historically accounted for about 40% of the total summer flounder landings 
in any one year (USDOC 1993). Estimated summer flounder recreational landings have 
ranged from 14200 Mt to 8500 Mt from 1980 to 1988, averaging —9800 Mt (Fig. lb). 
Landings decreased dramatically in 1989 to 1500 Mt, and rose slightly in 1990 to 2400 
Mt (USDOC 1993). Virginia recreational landings ranked second only to New Jersey 
during the early 1980's (MAFMC 1987).
Considerably more commercial fishing effort has been exerted in Virginia and 
North Carolina waters since the decline of the New England groundfish fishery. Prior to 
1974, trawling was prohibited in Virginia except in the area between Cape Charles and 
the Maryland line, and then only during the months of June, July and August (VMRC 
1989). In 1979, Virginia expanded access to trawling to include the following: from Cape 
Charles to the Maryland line for November through August; from Sandbridge to the 
North Carolina line at any time; and from Cape Henry to Sandbridge between October 
1 and May 1. Prior to 1979, less than 20 boats fished the Virginia territorial sea. License 
sales in 1979 increased to over 50, and by 1984 to 115. In 1988, 123 licenses were 
issued and this figure has remained relatively constant. It is interesting to note that the 
all-time high for commercial landings of summer flounder was in 1979, the same year
that Virginia opened most of its territorial sea to trawling. Virginia subsequently banned 
trawling in state waters again in 1989.
Data from the Northeast Fisheries Center (NEFC) spring bottom trawl surveys in 
the Mid-Atlantic Bight (MAB), have been used to provide indices of abundance for 
summer flounder. According to the survey index, the summer flounder stock biomass is 
currently at its lowest average level since the late 1960's and early 1970’s (USDOC 
1993). The index (mean weight per tow) rose from a low point in 1970 to a peak in 
1976, and then remained at an average level during the late 1970’s and early 1980's. This 
index then declined dramatically from 1985 to 1989 and has since risen slightly (Fig. 2a). 
The Virginia Institute of Marine Science (VIMS) calculates a young-of-year summer 
flounder index based on the historical trawl survey data since 1979 (Bonzek, pers. 
comm.). This index was high from 1980 to 1983, indicating good recruitment in Virginia 
waters during the early part of the decade (Fig. 2b). The index was low from 1984 to 
1989, and then increased in 1990 only to drop back to the low levels again in 1992-93. 
These surveys coupled with the decrease in landings indicate that the overall population 
of summer flounder is at very low levels and care must be taken to ensure that it is not 
overfished towards a total collapse.
The National Marine Fisheries Service (NMFS) summer flounder stock assessment 
and existing fisheries management plans (FMP's) have been based upon the supposition 
that only one stock exists in the MAB (Scarlett 1981, Delaney 1986, MAFMC 1987). 
Previous research has indicated the possibility that more than one stock or population
7Figure 2. Summer flounder abundance indices a) NEFSC and b) VIMS young-of- 
the-year.
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contributes to the fisheries of the MAB (Murawski 1970, Smith 1973, Wilk et al. 1980, 
Delaney 1986). Previous methods employed to investigate the existence or non-existence 
of separate summer flounder stocks include meristic and morphometric analyses 
(Ginsburg 1952, Smith and Daiber 1977, Wilk et al. 1980, Delaney 1986), an 
electrophoretic study (Van Housen 1984), and tagging studies (Westman and Neville 
1946, Poole 1962, Murawski 1970, Gillikin et al. in prep., cited in Scarlett 1981, Lux 
and Nichy 1981).
All of these tagging studies, with the exception of Gillikin et al. (cited in Scarlett, 
1981), have concentrated their efforts on summer flounder in the northern part of their 
range, mainly in or near N.J. and N.Y. waters. The present study was undertaken to 
examine the hypothesis that separate stocks of summer flounder may inhabit the southern 
Mid-Atlantic Bight region. Stock composition of fish tagged on their summer feeding 
grounds (presumed mixing grounds) in Chesapeake Bay, the seaside bays of Virginia's 
Eastern Shore and the near coastal region may be defined by the spatial and temporal 
analysis of subsequent tag returns.
A recent study by the North Carolina Division of Marine Fisheries (NCDMF) has 
just been completed, tagging summer flounder from the nearshore waters of Oregon Inlet 
south to Cape Lookout (Monaghan 1992). Results from the NC study will be compared 
to those from this study, as they were conducted over the same time period (1986-1990). 
These studies will then be compared to the historical studies conducted in the northern 
Mid-Atlantic Bight to determine whether different stocks of summer flounder inhabit this 
region.
The objective of this dissertation was to examine the stock structure of summer 
flounder inhabiting the waters of Virginia during the summer months through tagging. 
This dissertation consists of three chapters, the first of which deals strictly with the 
tagging study conducted from 1987 to 1989. The second chapter is devoted to the age and 
growth of summer flounder from Virginia waters. Finally, in the third chapter I present 
the various biological characteristics and life history information that was gathered over 
the course of the tagging study and in subsequent years. This information may then be 
incorporated into the various models now in place underlying management of summer 
flounder.
CHAPTER I
TAGGING STUDY
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INTRODUCTION
Existing fishery management plans (FMPs) for summer flounder presuppose that 
only one stock contributes to the fisheries of the Mid-Atlantic Bight (MAB) (Scarlett 
1981, MAFMC 1987). Previous studies suggest that more than one stock may contribute 
to the fisheries of the MAB (Smith 1973, Wilk et al. 1980, Delaney 1986). Three 
techniques have been employed previously to describe summer flounder stocks. These 
have been meristic and morphometric analyses (Ginsburg 1952, Smith and Daiber 1977, 
Wilk et al. 1980, Delaney 1986); an electrophoretic study (Van Housen 1984); and 
tagging studies (Westman and Neville 1946, Hamer and Lux 1962, Poole 1962, 
Murawski 1970, Gillikin et al. in prep., cited in Scarlett 1981, Lux and Nichy 1981, 
Monaghan 1992) (Table 1).
Ginsburg (1952) and Smith and Daiber (1977), found meristic evidence of two 
populations of summer flounder, one north and one south of Cape Hatteras, N.C. They 
concluded that summer flounder from Chesapeake and Delaware Bays were meristically 
different from those sampled in North Carolina. Wilk et al. (1980) employed a linear 
discriminant analysis of morphometric data to conclude that summer flounder belonged 
to two separate populations north and south of Cape Hatteras. Delaney (1986) used 
multivariate analysis of variance (MANOVA) on sixteen morphometric characters to 
propose that two populations of summer flounder contributed to the fisheries of the MAB, 
one an offshore or Mid-Atlantic stock, and the other a Trans-Hatteras stock.
11
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Table 1. Chronological summary of previous summer flounder tagging studies 
(Nt = Number of fish tagged; NR = Number of returns).
Study Tagging Area Nt n r %Ret. Size(cm)
Westman Great South Bay, NY 477 203 42.6% 28-51
& Neville Fire I. Inlet 753 205 27.2% 33-51
1946 & Jones Inlet, 1940-41,'43,'45 1230 408 33.2%
Poole Great South Bay, NY 3405 731 21.5%
1962 Oceanside Fire I. Inlet 2440 -5 1 3 21.0%
& Shinnecock Inlet, 1956-59 5845 -1244 21.3%
Murawski Sandy Hook Bay, NJ 3010 971 32.3% 23-62
1970 Cape May, NJ 3659 983 26.9% 21-70
1960-61,66-67 6669 1954 29.3%
Lux & Offshore Cont. Shelf 1833 154 8.4% 31-50
Nichy Block Isl. Sound & 1006 448 44.5% 31-76
1981 Martha's Vnyd., 1960-61 2839 602 21.2%
Gillikin Coastal VA/NC from — 7300 2
et al.1 L.Machipongo Inlet to
C.Hatteras (1973-74)
Ross et Beaufort Inlet/C.Lookout 67 1 1.5%
al. 1982 Back Sound 237 253 10.6%
Monaghan Oregon Inlet area -1 0 4 4 - 6 9 6.6%
1992 Ocracoke/C .Hatteras -1900 -1 0 4 5.5%
Drum In./Barden's In. -1056 4.6%
1986-1990 4128 244 5.9% 5-50
1 cited in Ross et al. 1982
2 92% Recaptures were from inshore release areas
0% came from offshore winter trawl fishery.
3 15 returns from tag area; 8 taken south of it;
1 at False Cape, VA; and 1 at Ocracoke, NC.
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Tagging studies by Westman and Neville (1946) and Poole (1962) off Long Island, 
New York; Hamer and Lux (1962) north of Hudson Canyon; and Murawski (1970) off 
New Jersey; indicated that summer flounder migrate south and offshore in the fall from 
their coastal summering grounds, and spend the winter at the edge of the continental 
shelf. In spring they migrated inshore to the north and east, essentially to the same 
inshore areas as the previous year. A total of 14596 fish were tagged north of Cape May, 
New Jersey (Scarlett 1981). Most of the returns came from the offshore winter trawl 
fishery as far south as Virginia (in the vicinity of Norfolk Canyon), while only a small 
percentage of the returns (0.3%) were recaptured from inshore waters south of Maryland.
Since the 1960's, a trawl fishery for summer flounder expanded inside the 20 
fathom (36 m) contour along the Virginia and North Carolina coast (Scarlett 1981). This 
fishery progresses southward during the fall and winter, starting just south of the 
Chesapeake Bay mouth in October and November, to below Cape Hatteras in January and 
February. The North Carolina Division of Marine Resources tagged large numbers ( —7300) 
of these flounder in the fall and winter of 1973 and 1974 (Table 1) (Gillikin et al. in 
prep.; cited in Scarlett 1981, Ross et al. 1982). Excluding immediate returns, most fish 
were recaptured from North Carolina and Virginia coastal waters, and from Chesapeake 
Bay during the summer. A small percentage (8%) of the returns were from Maryland and 
points north. Returns from the following fall and winter came from the same general area 
in which the fish were tagged. None of the tagged fish were recaptured in the offshore 
winter trawl fishery. A recent tagging study in North Carolina showed that fish tagged 
north of Cape Hatteras moved northward, and those tagged below it moved southward,
14
suggesting that Cape Hatteras might act as a migratory barrier for summer flounder 
(Monaghan 1992).
Based on egg and larval collections, Smith (1973) hypothesized that three distinct 
populations of summer flounder existed along the Atlantic coast, with a seasonal 
progression in spawning from north to south. One segment of the population appeared 
to spawn north of Delaware Bay, a second from Virginia to Cape Hatteras, and a third 
south of Cape Hatteras. Smith's data (1973) and the tagging studies in North Carolina 
(Gillikin et al. in prep., cited in Scarlett 1981, Monaghan 1992) support one another and 
point to the possibility that separate populations of summer flounder may contribute to 
the fisheries of the MAB.
This tagging study was undertaken in an attempt to identify migration patterns of 
summer flounder from Virginia waters; Chesapeake Bay, the seaside bays of Virginia's 
eastern shore, and the nearshore coastal region. Stock composition of these fish was 
quantified through the analysis of tag returns from the recreational and commercial 
fisheries. Biological characteristics of the fish were quantified and compared based on the 
hypothetical stock composition, and then compared to those reported in the literature.
METHODS
lagging Areas
The inshore waters of Virginia where summer flounder are abundant were divided 
into three major areas:
1. Lower Chesapeake Bay
2. Seaside Eastern Shore inlets and bays
3. Nearshore coastal regions south of the Chesapeake Bay mouth, 
lagging Methodology
A target of 5,000 summer flounder were to be tagged in each year of the study 
(1987-89). Actual numbers of fish tagged were dependent upon the abundance of the 
population. Equal numbers of fish were to be tagged from each of the three main areas 
(Fig. 3). A total of 10-15,000 fish was chosen as a goal because previous successful 
tagging studies of summer flounder have had marked sample sizes in this range (Scarlett 
1981).
Return rates in earlier studies ranged from 8-45%, but one recent study (Gillikin 
et al. in prep., cited in Scarlett 1981), had much lower rates, potentially due to the small 
size of fish tagged (Scarlett 1981). This problem was avoided by tagging fish only 
>250 mm TL and by using Floy FT-4 Cinchup tags which were highly visible, instead 
of the Petersen disk tags used in previous studies.
15
Figure 3. Tagging locations
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Since it was proposed that the stocks of summer flounder spawn and spend the 
winter in different areas, it should be relatively simple to determine the stock of origin 
of fish tagged inshore by the areas where the tag returns came from:
1. Deep-water flounder/mixed species fishery (>40m ) north of Cape Hatteras 
("offshore stock"),
2. Shallow-water inshore fishery (<40m ) from Oregon Inlet south of Cape 
Hatteras to Cape Lookout ("inshore stock").
A target of 500 specimens per month were to be tagged from the Eastern Shore 
and the lower Chesapeake Bay/coastal region from May through September inclusive. 
Again, actual number tagged was dependent on the abundance of the population. The 
object of spreading the tagging effort out over the entire summer when the fish were 
inshore was to determine whether stock composition changed during the summer.
A twenty-one foot VIMS Privateer was used in the York River and the seaside 
bays of Virginia’s Eastern Shore, primarily the waters near Wachapreague, VA. A semi­
balloon otter trawl with a 4.9m (16 ft) head rope and 16mm (5/8 inch) stretched mesh 
cod end was used with this vessel during 1987 and 1988. A 6.7 m (22 ft) net with 51 mm 
mesh cod end was used during 1989. A 30.5 m (100 ft) semi-balloon otter trawl with 14 
cm (5.5 inch) mesh cod end was fished from a commercial trawler, the F/V Anthony 
Anne, to capture flounder in Chesapeake Bay and the nearshore coastal waters.
Summer flounder were placed in holding tanks on board while the net was 
redeployed. Tow times ranged from 15 to 30 minutes, with a mean of about 20 minutes. 
All flounder caught were measured for total length (mm), weighed to the nearest gram
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when conditions permitted, and scales were taken from the caudal peduncle region (eyed 
side) for later age determinations. The scale method for ageing summer flounder has only 
recently been verified as the best method for this species (Shepherd 1980, Dery 1988). 
Subsamples of fish were selected each month to determine sex and stage of maturity 
following the schedule of Morse (1981) (see subsequent chapters for these analyses).
All healthy summer flounder (>250 mm) were tagged with international orange 
Floy FT-4 Cinchup tags in the area just anterior to the caudal peduncle. Fish were tagged 
by pushing the tagging needle through the posterior musculature of the caudal peduncle, 
and securing and trimming the tag fastener. Tagged flounder were released after the net 
came onboard with the next catch. This minimized the number of recaptures by the 
research gear and allowed time to observe the tagged fish before release. Tagged fish that 
were recaptured were examined to determine whether they should be re-released and 
records were kept of their recapture.
The tagging program was advertised through the media and by placing posters at 
important commercial and recreational fishing ports in Virginia, Maryland and North 
Carolina during the first year, and as far away as New York and New Jersey in 
subsequent years. Each tag was serially numbered for individual identification, and the 
word "REWARD" with the VIMS address was printed on the tag. Fishermen were 
instructed to return the tag along with recapture data such as date and location of capture, 
fish size (total length and weight), and the gear used. Rewards of $2 were offered for 
each tag returned, with a special drawing held each year before the start of the next 
tagging season to determine winners of rewards ranging from $50 to $500.
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Data analysis of tag returns was simple and straightforward since the principal 
objective was to determine where summer flounder tagged in Virginia would migrate, and 
if they returned to Virginia's waters in subsequent years. From the return data, stock 
composition of Virginia summer flounder would then be determined. As a secondary goal 
maximum likelihood estimates of the instantaneous rate of fishing mortality were to be 
derived.
Retention of the Floy IT -4 cinchup tags and tagging mortality were also examined 
during this study. Tagging size (>  250mm) summer flounder were held in flow-through 
tanks at VIMS to determine duration of tag retention and whether mortality was greater 
in tagged versus untagged fish. Fish were measured, weighed, and scales were taken in 
an attempt to determine if growth was affected by tagging. Fish were captured by trawl 
from the York River, and brought to the laboratory where they were kept in several flow­
through tanks. After two weeks, one-half were tagged in the same manner as in the field. 
Fish were periodically measured and weighed to compare growth rates, and scales were 
taken to investigate the time of annulus formation. Fish were fed live prey species, 
mostly mummichogs (Fundulus heteroclitusl. captured from the York River.
RESULTS
A. Overview
A total of 12,323 summer flounder were tagged in Virginia waters during the 
course of this study (Table 2). The upper target of tagging 5,000 fish was met and 
exceeded during the first and second years of the study. In 1989, only 1,623 summer 
flounder were tagged, a reflection of slightly lower effort (two less cruises in the bay), 
and a dramatic reduction in the total number of summer flounder captured. This decline 
was evident from the catch and effort data taken for each cruise (Table 3, Fig. 4). 
Overall catch per unit effort (CPUE) declined from 1.65 fish caught per minute to 0.4, 
a 16.1% decrease from 1987 to 1989. Catch and effort data will be discussed in depth 
in a later section.
The majority of summer flounder were tagged from various locations within 
Chesapeake Bay (8,196 fish), with over half of these being tagged and released in the 
Bay off of Cape Charles (4,565) (Fig 3). Almost equal numbers of flounder were tagged 
from the other two major release areas, 2,150 from the Wachapreague-Eastern Shore 
area; and 1,977 from nearshore Atlantic Ocean waters south of the Chesapeake Bay 
mouth (Cape Henry to Sandbridge, VA).
A total of 675 tags were returned, excluding immediate research recaptures (fish 
recaptured during the cruise in which they were released), for an overall return rate of 
5.5% (Table 2). The highest return rates came from fish tagged at Wachapreague (10.8% 
overall, n=233). A total of 397 returns (4.8% return rate) came from fish tagged and
20
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Table 2. Number of tagged and recaptured summer flounder by year and area of 
tagging, 1987-89, excluding immediate research recaptures.
Tagging Area Recapture Gear
Wachapreague Nt HL TR PD GN CD ? RS Total %
1987 946 93 20 - - - - 1 114 12.1
1988 529 38 25 1 - - - 4 68 12.9
1989 675 36 8 - - - - 7 51 7.6
Total 2150 167 53 1 0 0 0 12 233 10.8
Cape Charles
1987 1529 10 55 3 1 - 1 13 83 5.4
1988 2613 13 101 2 - - 3 17 136 5.2
1989 423 2 7 1 - - - 2 12 2.8
Total 4565 25 163 6 1 0 4 32 231 5.1
Middle Grounds 
1987 1311 12 34 2 1 1 50 3.8
1988 479 4 17 - - - - - 21 4.4
1989 68 - 2 - - - - - 2 2.9
Total 1858 16 53 2 0 1 1 0 73 3.9
Kiptopeke
1987 260 4 4 - - - - - 8 3.1
1988 1128 18 48 3 - - - 4 73 6.5
1989 207 - 1 - - - 1 - 2 1.0
Total 1595 22 53 3 0 0 1 4 83 5.2
Other CB Areas 
1987 103 2 4 6 5.8
1988 49 - 2 - - - - - 2 4.1
1989 26 1 1 - - - - - 2 7.7
Total 178 3 7 0 0 0 0 0 10 5.6
All CB Areas
1987 3203 28 97 5 1 1 2 13 147 4.6
1988 4269 35 168 5 - - 3 21 232 5.4
1989 724 3 11 1 - - 1 2 18 2.5
Total 8196 66 276 11 1 1 6 36 397 4.8
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Table 2. (cont.)
Tagging Area Recapture Gear
irginia Coast Nx HL TR PD GN CD ? RS Total %
1987 920 4 13 - - - - - 17 1.8
1988 833 3 22 - - - 1 - 26 3.1
1989 224 1 1 - - - - - 2 0.9
Total 1977 8 36 0 0 0 1 0 45 2.3
11 Areas
1987 5069 125 130 5 1 1 2 14 278 5.5
1988 5631 76 215 6 - - 4 25 326 5.8
1989 1623 40 20 1 - - 1 9 71 4.4
Total 12323 241 365 12 1 1 7 48 675 5.5
Gear: HL = Hook and Line; TR = Otter Trawl; PD = Pound Net; GN = Gill Net; 
CD = Crab Dredge; ? = Unknown; RS = Research Trawl.
NT = Number tagged.
Table 3. Raw catch and effort data taken during the tagging study, 1987-89,
Wachapreague Ches.Bay/VA Coast All Areas
1987 1988 1989 1987 1988 1989 1987 1988 1989
# Tows 90 187 226 214 292 163 304 479 389
Minutes 1125 2337 2790 4787 6446 3979 5912 8783 6769
# Caught 1657 606 957 8120 6291 1741 9777 6897 2698
#Caught 
per Tow
18.4 3.2 4.2 37.9 21.5 10.7 32.2 14.4 6.9
# Caught 
per Min.
1.47 0.26 0.34 1.70 0.98 0.44 1.65 0.79 0.40
Figure 4 Summer flounder catch-per-unit effort by year and area.
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released in Chesapeake Bay, while another 45 returns (2.3%) were from fish tagged in 
the coastal areas off of Virginia Beach.
Tag return rates decreased for fish tagged and released in 1989 from all areas, 
some being less than half the rates of previous years (Table 2). This pattern was evident 
from all the release areas and may have reflected a reluctance on the part of the 
fishermen, both recreational and commercial, to return tags due to increased restrictions 
on summer flounder fishing in Virginia, as well as an overall decrease in the numbers 
of fish available.
The majority of recaptures occurred within one year of tagging, indicating a very 
high fishing mortality rate. Mortality rates have been calculated and will be presented 
later. A 317 mm fish tagged in Chesapeake Bay on 15 September 1987 at the Middle 
Grounds, was recaptured by commercial trawl in January 1991, approximately 3 years 
and 4 months later ( —1215 days). No recapture location was given as it was returned from 
a fish packing house in Hampton, VA. Another fish (298 mm) tagged at Wachapreague 
on 7 July 1987 was recaptured by a gill net in May 1990,2 years and 10.5 months ( ~  1043 
days) later. No location data was given with this return either. These two returns 
represent the longest intervals between tagging and recapture for this study.
Seven other fish were at liberty for more than two years before being recaptured. 
A 268 mm fish tagged at Middle Grounds on 12 May 1987 was recaptured on 3 January 
1990, 20 miles east of Oregon Inlet, NC; 2 years and 7.5 months (956 days) later. 
Another fish tagged at Middle Grounds on 11 May 1987 (287 mm), was recaptured in 
December 1989 from an area reported to be "off Ocracoke (NC) in the ocean"; two years
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and 7 months ( -9 5 0  days) after tagging. A 307 mm fish tagged along the Virginia Coast 
on 18 May 1989 was recaptured in January 1992,2 years and 8 months ( — 975 days) after 
tagging. The fish was packed at Wanchese, NC and no recapture location was given. A 
350 mm fish tagged at Cape Charles on 13 August 1987 was recaptured by a commercial 
trawler in December 1989 also from an area "off Ocracoke in the ocean"; 2 years and 
3.8 months (~  844 days) later. Another fish (298 mm) tagged at Cape Charles on 12 July 
1989 was recaptured on 20 September 1991; 2 years and 2.3 months (800 days) later. 
Again, no recapture location was given, the report coming from a fish packing house in 
Hampton, VA. A 280 mm fish tagged at Wachapreague on 4 May 1988, was recaptured 
in Gargathy Bay, VA, just north of Wachapreague, by a recreational fisherman in June 
1990; 2 years and 1 month (760 days) after tagging. Finally, a 406 mm fish tagged at 
Wachapreague on 9 May 1989 was recaptured at Parramore Island, VA (Wachapreague 
Inlet) on 7 May 1991; by a recreational fisherman almost exactly two years after tagging.
Tagged fish were recaptured throughout the Mid-Atlantic Bight mainly with a few 
reported from the waters south of Cape Hatteras. The farthest north that a tag return was 
reported from was Newport, RI. A 415 mm fish tagged at Wachapreague on 1 June 1988 
was recaptured on 22 May 1989 from a commercial fish trap (pound net), three miles 
southeast of Newport, RI; 355 days after tagging. Two returns were reported from South 
Carolina waters, again from fish tagged at Wachapreague. The first (302 mm) was tagged 
on 13 June 1989 and was recaptured on 15 November 1989 at Charleston, SC; 155 days 
after tagging. The other fish (305 mm) was tagged on 14 June 1989 and was recaptured 
on 10 May 1991 at Pawley's Island, SC; 695 days after tagging. Both were taken by
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recreational fishermen. One fish was reportedly taken by hook and line from the 
Pompano Beach fishing pier in Pompano Beach, FL, on 10 February 1989. This fish was 
tagged at Kiptopeke on 24 August 1988 and was 465 mm TL. I considered this to be a 
dubious return and have not included it in any further analyses.
B. Tag retention and mortality analysis.
Three holding experiments were initiated during each year of this study to 
examine the duration of tag retention and to investigate whether mortality was greater in 
tagged versus untagged fish. The first began on 7 July 1987 with seventeen tagged and 
sixteen untagged summer flounder randomly held in two tanks (244-409 mm TL). An 
electrical outage which led to a pump failure in the main flow through system occurred 
on 19 July, leading to the deaths of five tagged and three untagged fish. The remaining 
twenty-five fish were alive and healthy until a second pump failure occurred on 3 August, 
leading to their deaths. A second attempt was initiated during the late summer following 
the first failure. A total of twenty fish were captured from late July to late September. 
Ten of these were tagged on 10 October, 1987. An electrical storm terminated power to 
the entire lab on 24 October, and caused the deaths of these fish.
A second experiment was initiated the following spring. Ten tagged fish were 
brought to the lab from the Middle Grounds from the May 18-22, 1988 tagging cruise. 
Four of these were in poor condition due to a loss of scales and died within 2-3 days. 
Another of these died during the following week, resulting in a 50% mortality (5 of 10 
fish), from this group of fish. It must be noted though that the four fish which died after 
2-3 days were in poor condition and would not have been tagged and released into the 
general population anyway. Other attempts to bring tagged fish back from the tagging 
cruises proved to be fruitless as the fish suffered extensive trauma during the trip back 
to VIMS. Fifteen more summer flounder were then captured from the York River during 
May 1988 and placed into holding tanks. Seven of these were tagged on May 29, and all
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of the fish (n =  20) were place into a single tank. These fish remained healthy for the 
next three weeks until a heavy infestation of fish lice, Arguhis spp., was observed in the 
tank. Mortalities in this tank commenced on 17 June, and continued until 21 June, when 
there were only two fish remaining, one tagged and one untagged. A second group of 
nine (five tagged) fish were being held in an adjacent tank and were not affected by the 
fish lice. One of these fish was found dead on the lab floor on June 16 while we were 
at sea, an apparent suicide. This group of fish remained healthy and uninfested by 
Argulus through the beginning of the next trial. Additional summer flounder were 
captured during June for this experiment. A total of fifty-four fish were then available on 
7 July 1988, twenty-two of these were tagged and 32 were untagged. The fish were 
randomly split into three tanks and the trial began (Table 4). The presence of fish lice 
was again noted on 1 August, and one untagged fish from tank two was found dead on 
the laboratory floor. It apparently jumped out of the tank overnight. On August 30 I 
attempted to treat the fish in tank three with potassium permanganate to rid the fish of 
the ectoparasites. All the fish died due to an overdose of the chemical. The remaining fish 
were then manually inspected and the parasites were picked off with forceps during each 
weighing and measuring session. The tanks were then cleaned and dried periodically in 
an attempt to keep any infestation at a minimum. One more tagged fish died on 4 
September from tank two due to the previous infestation. A total of thirty-six fish, eleven 
tagged, remained alive at this point. On 17 October, two untagged fish
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Table 4. Results o f second summer flounder tag retention and mortality experiment 
(numbers represent fish alive).
Tank 1 Tank 2 Tank 3 Total
Date T U T U T U T U
7 Jul 1988 6 11 6 15 10 6 22 32
1 Aug 6 11 6 14 10 6 22 31
30 Aug 6 11 6 14 0 0 12 25
4 Sep 6 11 5 14 - - 11 25
14 Oct 6 11 5 14 - - 11 25
17 Oct 6 9 5 14 - - 11 23
3 Nov 6 9 5 12 - - 21
18 Dec 6 9 5 12 - - 11 21
27 Jan 1989 6 9 5 12 - - 11 21
22 Feb 6 9 5 12 - - 11 21
3 May 6 9 5 12 - - 11 21
5 Jun 1 1 5 12 - - 6 13
9 Jun 0 0 5 12 - - 5 12
% Surv.1 0 0 83 80 NA NA 41.7 46.
1 Survivorship calculated without tank three results. 
T = Number of tagged fish.
U = Number of untagged fish.
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from tank one died from unknown causes. Another two untagged fish from tank two died 
on 3 November. The remaining fish survived through the winter and into the next spring. 
A mass mortality occurred in tank one on 5 June leaving only one tagged and one 
untagged fish alive. These fish subsequently died on 9 June, leaving only the fish in tank 
two alive. No visible signs or cause of death was apparent. Omitting the fish from tank 
three which died from an overdose of potassium permanganate, this experiment started 
with 12 tagged and 26 untagged fish. Eleven months later, five tagged and twelve 
untagged fish remained, giving survival rates of 41.7 and 46.2% from tagged and 
untagged fish, respectively. No tags were lost during this experiment.
A third experiment was initiated on 7-8 June 1989, with twenty summer flounder 
captured from the York River and brought to VIMS. One of these died on 9 June, the 
only mortality observed from trawling during this portion of the study (4.8%). On 8 July, 
ten of these fish were tagged and placed into tank one along with nine untagged fish. The 
surviving fish from the previous experiment (five tagged, twelve untagged) were held in 
a separate tank to continue the observations on that group. One tagged fish from tank one 
was found dead on the lab floor on the morning of 24 July. A mass mortality of the 
tagged fish from tank two was observed on the morning of 10 August, leaving only the 
twelve untagged fish alive from this group. Three of these fish subsequently died from 
11-14 September. All of the fish from tank one were alive and healthy at this point. Due 
to space limitations in the lab, all the remaining fish (nine tagged, nineteen untagged), 
were placed into a single, larger tank in December 1989. Five tagged and four untagged 
fish died over the Christmas holiday period, leaving only four tagged and fourteen
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untagged fish alive. These fish survived through 20 June 1990, when they were 
sacrificed. No tags were lost from the tagged fish over the course of this experiment. 
Survival rates of tagged fish were much lower in this experiment, 26.7%, than from the 
previous one, while the survival rate of the untagged fish was much higher, 66.7%.
Mortality rates were comparable between tagged and untagged individuals in 
experiment two, while the mortality of tagged fish was much higher in experiment three. 
Mass mortalities occurred during the first two attempts due to equipment failures and 
large infestations of fish lice, Argulus spp. No differences in growth between tagged and 
untagged fish were noted. All fish held at VIMS experienced lower growth than the 
tagged fish recaptured in the field. This was most likely caused by a lower than normal 
food supply and crowded conditions in the holding tanks.
C. Gear Analysis
Overall tag returns were analyzed by recapture gear to determine the relative 
contribution of the recreational and commercial fisheries during this study (Table 5). 
Excluding immediate recaptures by the research gear (fish recaptured during the same 
tagging cruise), a total of 675 returns were analyzed. The recreational fishery accounted 
for a total of 241 returns (35.7%), while the commercial fishery accounted for 379 
returns (56.2%). There were 48 recaptures (7.1%) taken by the research gear, and 
another 7 (1.0%) were from unknown sources. The breakdown between commercial and 
recreational returns was very close to the reported landings from the two sectors during 
the previous ten years, 60% commercial and 40% recreational (MAFMC 1990). If the 
recaptures made by the research gear were eliminated, the commercial fishery then 
accounted for 60.5% of the returns and the recreational fishery accounted for 38.4 %, 
with 1.1% coming from unknown sources.
The relative contribution of the recreational and commercial fisheries varied with 
tagging area. The recreational fishery was most concentrated at Wachapreague (one of 
the primary species sought is summer flounder), and it accounted for 71.7% of the total 
returns (Table 5, Fig. 5). The commercial fishery accounted for only 23.2% of the 
returns from fish tagged there. The recreational fishery accounted for only 16.6% of the 
returns in Chespeake Bay, and 17.8% from the coastal waters. The commercial fishery 
accounted for 69.5 and 80.0% of the returns, respectively. If the research recaptures 
were eliminated then the percentages of fish captured by each fishery changed slightly 
(Table 6). The recreational fishery then accounted for 75.6 and 18.2% of the overall
33
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Table 5. Percent recaptures by gear for each year and area of tagging, 1987-89, 
excluding immediate research recaptures.
Tagging Area 
Wachapreague Nr
Recapture Gear 
HL TR PD GN CD ? RS
1987 114 81.6 17.5 - - - - 0.9
1988 68 57.4 35.3 1.5 - - - 5.9
1989 ■ 51 70.6 15.7 - - - - 13.7
Total 233 71.7 22.8 0.4 0 0 0 5.2
Cape Charles
1987 83 12.0 66.3 3.6 1.2 - 1.2 15.7
1988 136 9.6 74.3 1.5 - - 2.2 12.5
1989 12 16.7 58.3 8.3 - - - 16.7
Total 231 10.8 70.6 2.6 0.4 0 1.7 13.9
Middle Grounds
1987 50 24.0 68.0 4.0 - 2.0 2.0 -
1988 21 19.0 81.0 - - - - -
1989 2 - 100 - - - - -
Total 73 21.9 72.6 2.7 0 1.4 1.4 0
Kiptopeke
1987 8 50.0 50.0 - - - - -
1988 73 24.7 65.8 4.1 - - - 5.5
1989 2 - 50.0 - - - 50.0 -
Totak 83 26.5 63.9 3.6 0 0 1.2 4.8
Other CB Areas
1987 6 33.3 66.7 - - _ - -
1988 2 - 100 - - - - -
1989 2 50.0 50.0 - - - - -
Total 10 30.0 70.0 0 0 0 0 0
All CB Areas
1987 147 19.1 66.0 3.4 1.4 0.7 1.4 8.8
1988 232 15.1 72.4 2.2 - - 1.3 9.1
1989 18 16.7 61.1 5.6 - - 5.6 11.1
Total 397 16.6 69.5 2.8 0.3 0.3 1.5 9.1
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Table 5, (cont.).
Tagging Area Recapture Gear
Virginia Coast n r HL TR PD GN CD ? RS
1987 17 23.5 76.5 _ _ * •
1988 26 11.5 84.6 - - - 3.9 -
1989 2 50.0 50.0 - - - - -
Total 45 17.8 80.0 0 0 0 2.2 0
All Areas
1987 278 45.0 46.8 1.8 0.4 0.4 0.7 5.0
1988 326 23.3 66.0 1.8 - - 1.2 7.7
1989 71 56.3 28.2 1.4 - - 1.4 12.7
Total 675 35.7 54.1 1.8 0.2 0.2 1.0 7.1
Gear: HL = Hook and Line; TR = Otter Trawl; PD =» Pound Net; GN = Gill Net;
CD = Crab Dredge; ? = Unknown; RS = Research Trawl.
Nr = Number of returns.
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Figure 5. Recreational (shaded) versus commercial (unshaded) tag returns by year 
and area.
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Table 6. Numbers of recreational vs commercial tag returns, excluding research 
recaptures.
Tag Area 
Wachapreague
Chesapeake Bay 
& VA Coast
All Areas
Year Recr. Comm. Unkn. Total
1987 93 20 0 113
82.3 17.7
1988 38 26 0 64
59.4 40.6
1989 36 8 0 44
81.8 18.2
Total 167 54 0 221
75.6 24.4
1987 32 117 2 151
21.2 77.5 1.3
1988 38 195 4 237
16.0 82.3 1.7
19 89 4 13 1 18
22.2 72.2 5.6
Total 74 325 7 406
18.2 80.1 1.7
1987 125 137 2 264
47.3 51.9 0.8
1988 76 221 4 301
25.2 73.4 1.3
1989 40 21 1 62
64.5 33.9 1.6
Total 241 379 7 627
38.4 60.5 1.1
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returns from the Wachapreague and Chesapeake Bay tagged fish, respectively. The 
commercial fishery accounted for 24.4 and 80.1 % of the returns from these areas. There 
were no research recaptures from the fish tagged and released in the nearshore Atlantic 
Ocean waters.
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D. Migration Patterns
The spatial and temporal distribution of tag returns was examined to provide 
insight as to the migration pattern of summer flounder tagged in Virginia waters. Tagging 
operations were conducted from April or May, to September of each year, therefore all 
returns from these months were designated as summer returns. These were fish that were 
moving to or were at their summer feeding grounds in nearshore coastal or estuarine 
waters. The recreational fishery accounted for the majority of the returns at this time. 
The remaining six months were divided into two three month-long periods, October to 
December, and January to March. This separation not only reflected the migration pattern 
of summer flounder, but also a geographical shift of the effort in the commercial trawl 
fishery. Most boats fished the nearshore waters during October-December to take 
advantage of the fall emigration of fish out of estuarine waters. They would then switch 
to offshore areas in January-March, fishing for species such as black seabass, scup, and 
squid, in addition to taking summer flounder.
Tag returns from each of the tagging groups were pooled over the years according 
to the month of recapture, i.e. first October after release; in order to follow a temporal 
pattern as well as the spatial distribution of recaptures. Concentration of fishing effort 
was also a factor, but it was assumed that the fishermen were focusing on the greatest 
concentration of fish, thereby the returns should have provided a picture of where the 
main body or bodies of fish were at that time. The following sections will describe the 
pattern of tag returns from fish tagged at Wachapreague, and those tagged in Chesapeake
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Bay and along the Virginia coast, since there seemed to be a difference in the patterns 
from these release areas.
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1. Wachapreague
During the first summer (0-5 months after tagging), most of the returns came from 
the waters near Wachapreague, where the fish were released (Figs. 6-8). A total of 154 
tags were returned during this time, of which 143 (92.9%) were taken from the release 
area (see Appendix A for individual return data). Two other fish (1.3%) were recaptured 
at Metompkin Inlet, VA, just north of Wachapreague. Two fish recaptured in August, 
and three in September (3.3% total), were taken to the north of Wachapreague, in the 
nearshore waters off of Chincoteague, VA. Four fish (2.6%) were landed in Hampton, 
VA, and had no return location data.
Only four fish released at Wachapreague were recaptured in October. One was 
recaptured southeast of the mouth of Delaware Bay, while two were recaptured south of 
the release area; one off of Virginia Beach, VA, and the other from "nearshore waters 
off the Virginia coast" (Fig. 9). This latter statement of a return location was used 
frequently by the commercial trawl fishermen and was interpreted to be the nearshore 
waters south of Cape Henry, VA where most of the boats fished at this time of the year. 
As the season progressed, boats fished farther south in the nearshore waters to Oregon 
Inlet, NC, and some farther south to Cape Hatteras, NC. Despite this southerly trend of 
recaptures with time, one fish was still recaptured at Wachapreague.
In November, two fish tagged at Wachapreague were taken in the nearshore 
fishery along the VA/NC coast, and two tags were returned with no location data (Fig. 
10). Incomplete reporting by the commercial sector was also a problem that could not be 
resolved during the study. Many tags would be returned from fish packing houses with
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Figure 6. Return locations of tagged summer flounder caught in April, May, and 
June during the first summer after release (Circles represent fish tagged 
at Wachapreague, squares represent fish tagged in Chesapeake Bay, and 
triangles represent fish tagged in coastal waters).
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Figure 7. Return locations of tagged summer flounder caught in July and August 
during the first summer after release (Circles represent fish tagged at 
Wachapreague, squares represent fish tagged in Chesapeake Bay, and 
triangles represent fish tagged in coastal waters).
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Figure 8. Return locations of tagged summer flounder caught in September following
the first summer after release (Circles represent fish tagged at 
Wachapreague, squares represent fish tagged in Chesapeake Bay, and 
triangles represent fish tagged in coastal waters).
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Figure 9. Return locations of tagged summer flounder caught in October following 
the first summer after release (Circles represent fish tagged at 
Wachapreague, squares represent fish tagged in Chesapeake Bay, and 
triangles represent fish tagged in coastal waters).
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Figure 10. Return locations of tagged summer flounder caught in November following 
the first summer after release (Circles represent fish tagged at 
Wachapreague, squares represent fish tagged in Chesapeake Bay, and 
triangles represent fish tagged in coastal waters).
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no information except when they were landed. Another fish from this group was 
recaptured by hook and line at Charleston, SC.
Seven fish released at Wachapreague were recaptured in December, two from 
unknown locations. Four were recaptured moving to the north or offshore from the 
release area (Fig. 11). The other return from this group was reported to be "landed at 
Oregon Inlet". Whether this meant that it was taken in that area or just processed at a fish 
house in that area was unclear. In the final analysis this return was grouped with the 
returns with incomplete location data and not with the southern movement of fish.
There was a total of sixteen recaptures from fish tagged and released at 
Wachapreague during the first fall after tagging. Five returns (31.3%) came from 
northern waters and five from southern waters. One fish (6.3%) was taken at 
Wachapreague, while another five tags were returned with insufficient location data.
In January, the shift in both fish and fishing effort was quite evident as more 
returns came from offshore areas near the continental shelf edge (Fig. 12). Three returns 
(27.3 %) came from areas near each of three main offshore canyons (Norfolk, Washington 
and Baltimore). Two fish (18.2%) were recaptured south of the release area along the 
VA/NC coast, and six (54.5%) were recaptured from unknown locations.
The distribution of tag returns was similar for the month of February (Fig. 13). 
One return was from offshore near Washington Canyon and one from nearshore along 
the VA/NC coast. Four tags were returned with no location data .
March recaptures of fish tagged and released at Wachapreague came mainly from 
offshore (Fig. 14). Four of the six returns came from offshore near Norfolk Canyon,
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Figure 11. Return locations of tagged summer flounder caught in December following 
the first summer after release (Circles represent fish tagged at 
Wachapreague, squares represent fish tagged in Chesapeake Bay, and 
triangles represent fish tagged in coastal waters).
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Figure 12. Return locations of tagged summer flounder caught in January during the 
first winter after release (Circles represent fish tagged at Wachapreague, 
squares represent fish tagged in Chesapeake Bay, and triangles represent 
fish tagged in coastal waters).
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Figure 13. Return locations of tagged summer flounder caught in February during the
first winter after release (Circles represent fish tagged at Wachapreague, 
squares represent fish tagged in Chesapeake Bay, and triangles represent 
fish tagged in coastal waters).
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Figure 14. Return locations of tagged summer flounder caught in March during the 
first winter after release (Circles represent fish tagged at Wachapreague, 
squares represent fish tagged in Chesapeake Bay, and triangles represent 
fish tagged in coastal waters).
Xto-
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south to an area called the Cigar (an undersea shoal in 35-55 m of water, approximately 
60 km east of the VA/NC state line). The other two returns came from areas along the 
Virginia coast.
A total of twenty-three recaptures were made during the first winter after tagging 
from fish released at Wachapreague. Eight fish (34,8%) were taken in offshore waters 
of the Mid-Atlantic Bight, while five (21.7%) were recaptured south and inshore of the 
release area. No returns came from the northern inshore waters during this time, and ten 
fish (43.5%) were returned with incomplete location data.
During each of the following summers, approximately one year after tagging, the 
surviving fish tagged at Wachapreague were spread out along the Atlantic coast from 
Cape Hatteras (in early April), north to Rhode Island. A high number of fish were 
recaptured back in Virginia waters, especially near the release area of Wachapreague.
In April, seven fish were recaptured moving either to inshore grounds (one about 
20 miles east of Oregon Inlet, another one at Cape Henry), or were already inshore (Fig. 
15). Four were taken at Wachapreague, while one was recaptured in Metompkin Inlet, 
all by recreational fishermen.
During May, one year after release, six fish tagged at Wachapreague were 
recaptured (Fig. 16). Four of these were taken by recreational fishermen on the Eastern 
Shore of Virginia, one at Wachapreague and one just north, inside Metompkin Inlet. The 
other two fish were taken at Chincoteague, VA, north of Wachapreague. One return 
came from Rhode Island waters, in a pound net south of Newport, RI. One tag was 
returned with no location data.
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Figure 15. Return locations of tagged summer flounder caught in April during the 
first spring after release (Circles represent fish tagged at Wachapreague, 
squares represent fish tagged in Chesapeake Bay, and triangles represent 
fish tagged in coastal waters).
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Figure 16. Return locations of tagged summer flounder caught in May during the first 
spring after release (Circles represent fish tagged at Wachapreague, 
squares represent fish tagged in Chesapeake Bay, and triangles represent 
fish tagged in coastal waters).
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In June, a total of eight fish were recaptured (Fig, 17). Five were taken at 
Wachapreague, four by recreational fishermen, and one fish tagged in 1988 was taken 
during tagging operations in 1989, at the release site. Two other fish were recaptured 
from nearby locations on Virginia's Eastern Shore, one in Gargathy Bay and the other 
at Quinby, VA. One fish was recaptured from northern waters, in Great Bay, NJ.
Five fish were recaptured during the month of July, one year after tagging. One 
fish was taken from Metompkin Inlet, while the other four were recaptured from northern 
waters (Fig. 18). One was taken in Shinnecock Bay, NY (on the southeast shore of Long 
Island), one was recaptured off of Island Beach, NJ, and two were recaptured from 
Delaware Bay.
Only three more fish were recaptured in August and September, a little over one 
year after tagging. All three were from northern waters, one at Fire Island Inlet, NY 
(southeast shore of Long Island), one at Sandy Hook, NJ, and one at Beach Haven, NJ, 
in the Atlantic Ocean off the mouth of Great Bay, NJ (Figs. 19 and 20).
There was a total of twenty-nine tag returns from the Wachapreague fish taken 
during the summer months, one year after tagging. Ten fish (34.5%) were recaptured at 
Wachapreague, and seven more (24.1%) were taken from other nearby Eastern Shore 
waters. Two fish (6.9%) were taken in April moving back into the nearshore waters, and 
nine fish (31.0%) were recaptured from areas to the north of Wachapreague, from 
Delaware Bay north to Rhode Island. One tag (3.5%) was returned with incomplete 
location data.
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Figure 17. Return locations of summer flounder caught in June approximately one 
year after release (Circles represent fish tagged at Wachapreague, squares 
represent fish tagged in Chesapeake Bay, and triangles represent fish 
tagged in coastal waters).
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Figure 18. Return locations of summer flounder caught in July approximately one 
year after release (Circles represent fish tagged at Wachapreague, squares 
represent fish tagged in Chesapeake Bay, and triangles represent fish 
tagged in coastal waters).
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Figure 19. Return locations of summer flounder caught in August one year after 
release (Circles represent fish tagged at Wachapreague, squares represent 
fish tagged in Chesapeake Bay, and triangles represent fish tagged in 
coastal waters).
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Figure 20. Return locations of summer flounder caught in September one year after 
release (Circles represent fish tagged at Wachapreague, squares represent 
fish tagged in Chesapeake Bay, and triangles represent fish tagged in 
coastal waters).
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Only nine more fish were recaptured from the Wachapreague releases after being 
at liberty for more than one year. Two fish were recaptured in November, approximately 
1.3-1.5 years after tagging. One was taken four miles east of Stone Harbor, NJ, while 
the other tag was returned with no recapture data (Fig. 21). Two more fish were 
recaptured in the following month, both from an area reported to be "off Ocracoke (NC) 
in the ocean" (Fig. 21). One tag was returned the following January from an unknown 
location, and another was taken the next month off the NJ coast (Fig. 22). The final three 
tag returns from this group were taken in the summer, approximately two years after 
tagging. Two fish were recaptured in May, one at Wachapreague and the other at 
Pawley's Island, SC (Fig. 23). The following month, one fish was recaptured in Gargathy 
Bay, on Virginia's Eastern Shore (Fig. 23).
A total of 231 fish were recaptured from fish tagged at Wachapreague during this 
study (two other returns were not included in this analysis due to conflicting return 
information). Excluding those recaptures made at Wachapreague before the fish had 
begun migrating from the release area, yielded a total of 85 returns from which to discern 
a pattern of migration (Table 7). Twenty-two of these returns (25.9%) had insufficient 
location data and also had no value as to migration patterns. Eight returns (9.4%) came 
from the offshore winter trawl fishery, in deep water from just south of Norfolk Canyon 
north to the New Jersey shelf. Twenty-one returns (24.7%) came from nearshore waters 
north of the release area, as far north as Rhode Island. Fifteen fish (17.7%) were 
recaptured in the nearshore fishery south of the release area, and another nineteen 
(22.4%) were recaptured at Wachapreague and other Eastern Shore locations near the
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Figure 21. Return locations of summer flounder caught in Oct-Dec during the second
fall after release (Circles represent fish tagged at Wachapreague, squares 
represent fish tagged in Chesapeake Bay, and triangles represent fish 
tagged in coastal waters).
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Figure 22. Return locations of summer flounder caught in Jan-Mar during the second 
winter after release (Circles represent fish tagged at Wachapreague, 
squares represent fish tagged in Chesapeake Bay, and triangles represent 
fish tagged in coastal waters).
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Figure 23. Return locations o f summer flounder caught in April-Sept during the 
second summer after release (Circles represent fish tagged at 
Wachapreague, squares represent fish tagged in Chesapeake Bay, and 
triangles represent fish tagged in coastal waters).
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Table 7. Recapture location summary of summer flounder tagged in Virginia during 
1987-89.
Wachapreague Ches.Bay/VC All Areas
Return Type A1 B2 C3 A1 B2 CJ A1 B2 C3
Immediate 146 - - 73 - - 219 - -
Unknown Loc. 22 22 • 119 119 _ 141 141
(%) 25.9 32.9 31.5
North 21 21 21 36 36 36 57 57 57
(%) 24.7 33.3 10.0 14.8 12.8 18.6
Offshore 8 8 8 30 30 30 38 38 38
(%) 9.4 12.7 8.3 12.4 8.5 12.4
Release Site 17 17 17 13 13 13 30 30 30
(%) 20.0 27.0 3.6 5.4 6.7 9.8
Other East. 2 2 2 4 4 4 6 6 6
Shore (%) 2.4 3.2 1.1 1.7 1.3 2.0
Other Ches. 0 0 0 9 9 9 9 9 9
Bay (%) - - 2.5 3.7 2.0 2.9
South 15 15 15 151 151 151 166 166 166
(%) 17.7 23.8 41.7 62.1 37.1 54.3
Total 231 85 63 435 362 243 666 447 306
1 All available tag returns
1 Excludes the immediate tag returns
3 Excludes the immediate tag returns and those with insufficient location data
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release site. No fish tagged and released at Wachapreague was ever recaptured within 
Chesapeake Bay.
2. Chesapeake Bay and Virginia coastal waters
Although most of the tag returns from this group during the first summer (during 
tagging operations), were also from or near the release areas, there were some local 
movements of note. During the months of May and June, six fish were recaptured (Fig. 
6). Five of these were recaptured at their respective release sites. One fish tagged at the 
Middle Grounds in May, was recaptured in June in the Potomac River, from a pound net 
at the mouth of the Coan River (see Appendix A for individual return data).
During July and August, a total of twenty-five recaptures were reported (Fig. 7). 
Twenty-one were recaptured at or near their release sites, and one was returned with no 
location data. One fish tagged at Kiptopeke in July was recaptured at the high level 
bridge section of the Chesapeake Bay Bridge Tunnel, towards the mouth of the Bay. The 
other two returns showed very dissimilar patterns of movement after being tagged and 
released in the Atlantic Ocean off of Sandbridge, VA. One fish tagged in June was 
recaptured inside Chesapeake Bay off of Little Creek, VA, while the second fish, tagged 
in July, was taken at Oregon Inlet, NC.
Tag returns during September again showed no major movement of fish from their 
respective release areas (Fig. 8). A total of 32 fish were recaptured during this month and 
except for one fish, the returns showed only local movements within Chesapeake Bay. 
Two tags were returned with incomplete location data. Fourteen fish were recaptured 
near their release sites, while fifteen others were taken from other locations within 
Chesapeake Bay, or near the Bay mouth. Two fish were recaptured farther up inside 
Chesapeake Bay, one at Horn Harbor, just north of New Point Comfort; the other was
6 6
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taken in the Rappahannock River, at Tolson's Point. The only fish from this group which 
showed an extensive movement was tagged at Middle Grounds in May (1987), and 
recaptured four months later at Nags Head, NC.
The majority of tag returns during the first summer after release came from the 
immediate release areas or their general vicinity. Over half (56.1%) of the returns from 
fish released in the Bay were recaptured after little or no movement away from the 
release areas, while four out of six returns from the coastal fish were likewise recaptured. 
Summer flounder tagged early in the spring near the Bay mouth were subsequently 
recaptured farther up the Bay and into some of the tributaries. Only two fish, one from 
each of the release groups, were recaptured south along the NC coast during the summer, 
indicating some minor exchange between the groups and an extensive movement south 
by relatively few fish at this time.
The fall migration of summer flounder from Chesapeake Bay began in earnest 
during the month of October (Fig. 9). Eight fish were recaptured either north of or 
moving north from their release areas. Four were taken just north of the Bay mouth at 
Smith Island Shoals, another about 12 miles east of Wachapreague, and three were 
recaptured off of Chincoteague, one of which was tagged at Virginia Beach (June 1988). 
Eleven more fish were recaptured in the nearshore fishery from Cape Henry south to the 
VA/NC state line, while another four fish were reported taken from off of the VA, NC, 
or VA/NC coast in the nearshore fishery. Nine fish were recaptured within Chesapeake 
Bay, eight near the release sites and one near the mouth of the Potomac River. Eight 
other tags were returned with insufficient location data.
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A total of eighty-two tagged fish were recaptured during the first November after 
tagging, demonstrating an even greater southward spread of fish (Fig. 10). One fish was 
recaptured as far south as Cape Hatteras and five others were taken off of Oregon Inlet. 
Most of the southward moving fish were recaptured in the nearshore fishery along the 
VA/NC coast, primarily from Cape Henry to Sandbridge, VA. Fifty-six of the returns 
(68.3%) demonstrated a southerly movement, while only six (7,3%) were recaptured 
from northern or offshore locations. Three of these fish were taken off the MD/DE coast 
south of the Delaware Bay mouth; one from Smith Island Shoals; one from just north of 
Norfolk Canyon; and one from an "offshore" location. Three fish (3.7%) were recaptured 
in Chesapeake Bay, and seventeen (20.7%) were returned with insufficient location data.
During December, the majority of returns (n=20, 52.6%), were taken in the 
nearshore fishery from Cape Henry to below Oregon Inlet (Fig. 11). Another eight fish 
(21.1%) were recaptured from the VA/NC coast in the nearshore fishery, but without 
precise location data. Four fish (10.5%) were recaptured north and offshore of their 
release areas, from east of Wachapreague to the New Jersey shelf. One fish was 
recaptured at Kiptopeke, still inside Chesapeake Bay, and five returns had insufficient 
location data.
There was a total of 160 returns from the fish tagged and released in Chesapeake 
Bay and along the Virginia coast during the first fall after tagging. Fifteen of these 
(9.4%) were fish which had yet to move from their release areas. The majority of tag 
returns (n=97, 66.9%) during this period came from the nearshore trawl fishery, from 
Cape Henry south to Cape Hatteras. Sixteen tags (11.0%) were recovered from areas to
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the north of Chesapeake Bay, and two (1.4%) were taken from offshore grounds. Thirty 
tags (20.7%) were returned with no location data.
Eighty-four tags were returned in the month of January, during the first winter 
after tagging. Unfortunately, most of these (n=51, 60.7%) were returned without any 
data or insufficient location data to be of any use. Tags that were returned with location 
data described two general concentrations of fish, and or, fishing effort (Fig. 12). 
Fourteen fish (16.7%) were recaptured in the offshore trawl fishery from the Cigar north 
to Baltimore Canyon, with one reported from the "NJ shelf". Eighteen fish (21.4%) were 
reported from the nearshore shallow water fishery. Four of these were taken near Oregon 
Inlet, and one each from Cape Hatteras and Cape Lookout, The other twelve returns were 
reported from the "VA/NC coast in shallow water". Only one return was reported from 
nearshore waters to the north of the release areas, that being taken just off of Cape May, 
NJ.
The distribution of tag returns for the next two months was very similar to that 
of January. Sixteen tags were recovered from fish during February (Fig. 13). Nine of 
these (56.3%) were recaptured from areas south of Chesapeake Bay in the nearshore 
fishery. Four were taken just east of Oregon Inlet, and four were reportedly taken from 
along the VA/NC coast. One fish was recaptured in a pound net in the Neuse River, NC. 
Five more fish (31.3%) were taken in the deepwater trawl fishery from Norfolk Canyon 
south to the Cigar, and two tags (12.5%) were returned with no location data. In the 
month of March, thirty-one tags were recovered from the same general areas, with two 
fish (6.5%) taken on the Continental shelf, east of Chincoteague, and north of the Bay
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mouth (Fig. 14). Five tags (16.1%) were returned from fish recaptured in the offshore 
fishery from Norfolk Canyon south to the Cigar. Fourteen fish (45.2%) were recaptured 
in the nearshore waters off the VA/NC coast south to Cape Hatteras. Another ten tags 
were returned with insufficient location data.
To summarize the return data for this period, the first winter (January-March) 
after tagging, there was a total of 131 tags recovered from fish released in Chesapeake 
Bay and the nearshore Atlantic Ocean waters. Sixty-three of these (48.1 %) were returned 
with insufficient location data. Forty-one fish (31.3%) were recaptured from areas south 
of the Bay mouth, and twenty-four (18.3%) were taken in the offshore trawl fishery. 
Only three tags (2.3%) were returned from fish that were recaptured in nearshore areas 
north of the release sites.
Six tags were returned during April, the following year after tagging (Fig. 15). 
One of these was taken in early April still on the offshore grounds near Norfolk Canyon, 
and three were returned with no location data. One fish tagged at the Middle Grounds 
in May 1987, was recaptured at Wachapreague in April 1988. Another fish tagged off 
of Little Creek, VA in September 1989 was recaptured off of Ocean City, MD, in April 
1990.
Seven tags were recovered during May (Fig. 16). Two fish were recaptured from 
the waters of Virginia's Eastern Shore; one at Wachapreague and the other at Quinby, 
VA. Four fish were taken in Chesapeake Bay, two at their respective release sites at Cape 
Charles and Kiptopeke; and two from other locations within Chesapeake Bay, one in the 
Potomac River and the other at the mouth of Back River, just south of the York River
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mouth. One fish tagged at Kiptopeke in September 1987, was recaptured in nearshore 
waters north of Virginia, at Sandy Hook, NJ.
A total of nine tags were returned during June from this group of fish (Fig. 17). 
Two fish were recaptured at Cape Charles, where they had been tagged one year earlier. 
One other fish was taken inside Chesapeake Bay, in the Rappahannock River; while one 
was recaptured at Ship Shoal Inlet on Virginia's Eastern Shore, just north of the Bay 
mouth. Three tags were returned from fish recaptured in New Jersey waters. One fish 
was taken off of Ocean City, one at Barnegat Inlet, and one at Sandy Hook. One fish was 
recaptured inshore, south of the release areas, in Barden's Inlet, NC, and one tag was 
returned with no location data.
Thirteen tags were returned during July, one year after tagging (Fig. 18). Five of 
these (38.5%) were fish recaptured at Cape Charles where they had been released during 
the previous summer. Two other fish (15.4%) were recaptured within Chesapeake Bay, 
one at the mouth of the James River, and one just south of the York River mouth. Six 
fish (46.2%) were recaptured from the inshore waters of New Jersey. Two of these were 
taken at Cape May, and one in Great Egg Harbor, in southern New Jersey. Two fish 
were recaptured in the Atlantic Ocean off of Sea Bright, NJ, and the other was taken in 
Sandy Hook Bay, in northern New Jersey waters.
Seven recaptures were made in the month of August, one year after tagging (Fig. 
19). Three of these were recaptured at their release site off of Cape Charles. Three other 
fish were also taken in Chesapeake Bay, one south of Tangier Light in the upper bay, one 
near the Cape Charles release site, and one on the ocean side of the second island of the
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Chesapeake Bay Bridge Tunnel. Only one fish was recaptured north of Chesapeake Bay 
in August, about one mile east of Ocean City, MD.
Only four fish were recaptured from this group during September (Fig. 20). Two 
were taken inside Chesapeake Bay, one at Cape Charles and the other at the high level 
bridge of the Chesapeake Bay Bridge Tunnel. The other two tag returns came from New 
Jersey waters. One fish was recaptured in the ocean at Cape May, and the other was 
taken inside Delaware Bay, about 3.5 miles west of Cape May.
A total of forty-six recoveries from the Chesapeake Bay and Virginia coast fish 
were made during the summer months after one year at liberty. Thirteen fish (28.3 %) 
were recaptured at their release sites in Chesapeake Bay and along the coast. Another 
nine (19.6%) were taken inside Chesapeake Bay but not at the release sites, and four fish 
(8.7%), were recaptured from the waters of Virginia's Eastern Shore. Fourteen tags 
(30.4%) were returned from fish recaptured in waters to the north of Virginia, mainly 
from New Jersey. Only one fish (2.2%) was recaptured inshore south of the release sites, 
in Barden's Inlet, NC. One other fish was recaptured in early April from the offshore 
fishery before migrating inshore, and four tags were returned with insufficient location 
data.
The number of tag returns greatly diminished once the fish had been at liberty for 
more than one year, partly a reflection of the high fishing pressure exerted on this 
species. Three fish were recaptured in October, during the second fall after tagging. One 
fish was taken in the nearshore fishery off Cape Henry, VA, and two were taken from 
northern waters, one off the mouth of Delaware Bay, and one east of Chincoteague (Fig.
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21). Seven tags were returned during the next month, two from nearshore waters off of 
Currituck, NC, and five were returned with no location data (Fig. 21). In December 
there were four returns, one was taken about thirty miles east of Chincoteague, and three 
were reported taken from an area "off Ocracoke (NC) in the ocean", south of Cape 
Hatteras (Fig. 21). A total of fourteen fish were recaptured during the second fall after 
tagging. Three (21.4%) were taken in waters north of the release areas, six (42.9%) were 
taken in southern waters, and five (35.7%) were returned with incomplete location data.
Another fourteen tags were recovered from fish during January-March, 
approximately 1.5 years after tagging (Fig. 22). Ten of these were returned with 
insufficient location data rendering them useless for this analysis. Three others were 
reported from the Cigar, taken in the offshore trawl fishery in January and February. The 
other fish was reported from the nearshore coastal waters of Virginia in March.
Only seven more tags were returned from this group of fish. One was returned 
with no location data in September, two years after tagging. In December, the third fall 
season after tagging, two fish were recaptured from an area "off Ocracoke in the ocean" 
(Fig. 24). Three more fish were recaptured in the following month, two from unknown 
locations and one about twenty miles east of Oregon Inlet, two years and 7.5 months after 
being released (Fig. 25). The final tag return from this group came in January one year 
later, but there was no location data with it.
There was a total of 435 tags returned from the summer flounder tagged and 
released in Chesapeake Bay and along the Virginia coast, during the course of this study 
(Table 7). Seventy-three of these fish were recaptured at or near their respective release
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Figure 24. Return locations of summer flounder caught during October-December, 
2+  years after release (Circles represent fish tagged at Wachapreague, 
squares represent fish tagged in Chesapeake Bay, and triangles represent 
fish tagged in coastal waters)..
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Figure 25. Return locations of summer flounder caught during January-January, 2 + -
3+  years after release (Circles represent fish tagged at Wachapreague, 
squares represent fish tagged in Chesapeake Bay, and triangles represent 
fish tagged in coastal waters)..
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sites before they had moved, or they exhibited only local movements within the study 
area. Eliminating these returns from the analysis left a total of 362 returns. A total of 119 
tags (32.9%) were returned with insufficient location data to determine any movement 
pattern. Twenty-two fish (6.1 %) were recaptured one year later at their respective release 
areas, or from other areas within Chesapeake Bay. Another four fish (1.1 %) were taken 
from the waters of Virginia's Eastern Shore. The majority of tag returns (n= 151,41.7%) 
came from the waters south of the release areas, mainly in the nearshore shallow water 
fishery from Cape Henry south to Cape Hatteras. Thirty-six fish (9.9%) were recaptured 
in waters to the north of Virginia, mainly in New Jersey coastal areas and Delaware Bay. 
Another thirty fish (8.3%) were recaptured in the offshore winter trawl fishery, from the 
Cigar north to the New Jersey shelf.
3. Overall patterns
According to the temporal and spatial distribution of tag returns, there were two 
general patterns of migration followed by summer flounder tagged during this study. The 
majority of tag returns came from nearshore Virginia and North Carolina waters south 
along the coastline (Fig. 26). Some of these fish began to move farther offshore in the 
vicinity of Oregon Inlet, while a few continued south, past Cape Hatteras. Tagged fish 
would then be recaptured during the following summer back in Virginia's waters, 
presumably following the same route north, bypassing the sounds of North Carolina (only 
one fish was recaptured inside Pamlico Sound).
A second, co-occurring movement was described by the returns from the offshore 
winter fishery and from the areas to the north. Summer flounder moved east and north, 
out of Virginia waters onto the shelf, where the offshore deep-water trawl fishery 
operated during the winter months (Fig. 26). These fish were mainly spread from the 
Cigar north to Norfolk Canyon, with some fish being taken along the edge from 
Washington Canyon north to off the NJ shelf (returns from the northern areas were vague 
as to the exact location on the "NJ shelf"). Some of the fish tagged in Virginia waters 
were intercepted along the coast north of Virginia during the fall, mainly off the MD/DE 
coast, south of the mouth of Delaware Bay, almost suggesting that these fish were 
travelling straight up the Atlantic coast with no indication of moving offshore. These fish 
were presumably part of a group that would later return inshore to areas north of 
Virginia.
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Figure 26. Potential migration patterns based on pooled monthly tag returns, 1987-89.
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Returns during the summer months, one year after release, were spread from 
Virginia north to Rhode Island. I felt that it was safe to assume that most of the offshore 
fish would return to Virginia, especially those concentrated from the Cigar to Norfolk 
Canyon. Summer flounder which moved to the shelf edge north of Norfolk Canyon 
would probably return to inshore areas north of Virginia.
E. Potential Stock Affiliation
One of the main objectives of this study was to determine the migratory routes of 
summer flounder tagged in Virginia. With this accomplished the objective then was to 
identify different elements, or stocks, of summer flounder inhabiting Virginia's waters 
during the study period. It was assumed that summer flounder recaptured from waters to 
the north of the release sites were never to return to Virginia's waters, while those 
recaptured to the south would.
A total of 666 tag returns could be used in this analysis (Table 8). Fish that were 
recaptured before they had a chance to migrate away from their release areas were of no 
use in this analysis. There was a total of 219 of these returns for all of the release areas 
combined. Eliminating these returns from the analysis left a total o f447 returns, 85 from 
fish tagged at Wachapreague, and 362 from fish tagged in Chesapeake Bay and along the 
Virginia coast.
There was a marked difference in the percentage of returns coming from either 
north or south of the respective release sites between the fish tagged at Wachapreague, 
and those tagged elsewhere. Fish that were recaptured in northern waters made up 24.7% 
of the returns from fish released at Wachapreague, but only 10.0% of the fish tagged in 
Chesapeake Bay and along the coast were recaptured to the north. Thirty-four returns 
(40.0%) from the Wachapreague fish were recaptured in southern waters, or were 
recaptured at the release site in subsequent years. A total of 177 returns (48.9%) from 
the fish tagged in Chesapeake Bay and along the Virginia coast were recaptured in
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Table 8. Potential stock affiliation of summer flounder tagged in Virginia 1987-89, 
based on tag return locations.
Wachapreague Ches.Bay/VC All Areas
Return Type A B C A B C A B C
Immediate 146 - - 73 - - 219 - -
Unknown Loc. 22 22 119 119 _ 141 141
(%) 25.9 32.9 31.5
North 21 21 21 36 36 36 57 57 57
(%) 24.7 33.3 10.0 14.8 12.8 18.6
Offshore 8 8 8 30 30 30 38 38 38
(%) 9.4 12.7 8.3 12.4 8.5 12.4
South 34 34 34 177 177 177 211 211 211
(%) 40.1 54.0 48.9 72.9 47.1 69.0
Total 231 85 63 435 362 243 666 447 306
A = All available tag returns 
B = Excludes immediate tag returns
C = Excludes immediate tag returns and those with insufficient location data
southern waters, or near their respective release sites the following year. The percentage 
of offshore returns was about the same for both groups, 9.4 and 8.3%.
The tag returns with insufficient location data were then deleted from this data set, 
since they could not be used to discern movement patterns, and in turn, stock affiliation. 
There were a total of 306 returns left, 63 from the Wachapreague group, and 243 from 
the Chesapeake Bay and Virginia coast fish (Table 8). The percentage of fish tagged in 
Wachapreague recaptured in northern waters was then 33.3%, while the percentage of 
fish recaptured in northern waters from the latter group was almost half that, 18.6%. 
Return rates from the offshore grounds were again similar for both groups, 12.7 and 
12.4%. The percentage of returns coming from southern waters plus those recaptured 
near their release sites in subsequent years was again different for the two groups, 54.0% 
from the Wachapreague fish, and 72.8 % from the Chesapeake Bay and Virginia coast 
fish.
The overall percentage of returns from all the fish tagged in Virginia which were 
reported from northern waters was 18.6% (Table 8). The percentage of returns which 
came from fish taken in southern nearshore waters along the Virginia and North Carolina 
coasts, and from those fish recaptured in Virginia waters in subsequent years was 69.0%. 
The offshore winter trawl fishery accounted for the remaining 12.4% of the returns. The 
apparent stock structure was different between fish tagged at Wachapreague than that 
from the other two areas combined. None of the fish tagged and released at 
Wachapreague were ever recaptured within Chesapeake Bay.
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F. Length Analysis
Total lengths at tagging were examined spatially to determine if there was a size 
difference between the summer flounder tagged from the three main locations during this 
study. Length frequencies of tagged fish showed that a higher percentage of larger fish 
were tagged in Chesapeake Bay than from the other two areas (Fig. 27). Mean total 
length at tagging was calculated for each area by year (Table 9). The overall mean length 
of fish tagged in Chesapeake Bay was 353.8 mm. The average length at tagging of the 
Wachapreague fish was only 316.5 mm, and 320.1 mm for the fish tagged along the 
coast. The mean lengths of tagged fish were comparable between the Wachapreague and 
Chesapeake Bay fish only during 1989, 357.7 and 359.8 mm, respectively. The mean 
total length of the fish tagged along the coast during that year was much smaller, only 
317.5 mm. The greatest difference between locations occurred during 1988 when the 
average size of the Wachapreague fish was only 312.8 mm, while the mean size of the 
Bay fish was 370.1 mm. These results showed that there was a group of fish tagged 
within Chesapeake Bay during this study that were larger, on average, than the fish 
tagged at Wachapreague and those along the coast.
Total length at tagging was then compared between all the tagged and the 
recaptured fish (Fig. 28). The length frequencies indicated that there was a slight 
difference between the two groups. The length frequency distribution of the recaptured 
fish was slightly skewed towards larger fish, indicating a possible increased mortality of 
the smaller, tagged fish. However, this difference was so small compared to the total 
number of tagged fish that it was discounted as a major source of bias in the study.
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Figure 27. Length frequencies of all summer flounder tagged during 1987-89, a) 
Wachapreague, b) Chesapeake Bay, and c) Virginia coastal waters.
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Table 9. Summary of length data for all tagged fish, 1987-89.
Wachapreague Ches. Bay VA Coast All Areas
1987 n 946 3193 911 5050
range 245-602 248-737 245-567 245-737
X 289.3 330.7 312.6 319.7
1988 n 529 4232 834 5595
range 246-661 250-695 249-519 246-695
X 312.8 370.1 328.9 358.6
1989 n 673 753 221 1647
range 246-624 245-630 250-529 245-630
X 357.7 359.8 317.5 353.3
Total n 2148 8178 1966 12292
range 245-661 245-737 245-567 245-737
X 316.5 353.8 320.1 341.9
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Figure 28. Length frequencies of A) tagged, and B) recaptured summer flounder.
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Total length at tagging was then examined for all of the recaptured fish according 
to their recapture locations. Following the assumptions laid out in the previous section 
on potential stock affiliation, mean total length at tagging was examined for evidence of 
a size difference between these groups. A total of 447 tag returns were available for the 
analysis. Those fish recaptured at or near their release sites before migrating were again 
eliminated from the analysis. Summer flounder recaptured to the north of their release 
site averaged 330.9 mm, while those recaptured in waters to the south (in the nearshore 
trawl fishery), and those that subsequently returned to Virginia waters, averaged 356.8 
mm (Table 10). Summer flounder recaptured in the offshore trawl fishery, along the 
continental shelf edge, averaged 361.5 mm. Overall average lengths were not a good 
comparison because they did not reveal the true picture. The length frequencies indicated 
that mostly smaller (younger) fish migrated into northern waters after being tagged in 
Virginia (Fig. 29). Those fish which were subsequently recaptured to the south or 
returned to Virginia waters more closely mirrored the overall length frequency of all the 
tagged fish. These results indicated that there was a population of summer flounder which 
would return to Virginia waters, while a portion of the smaller fish, most likely young-of- 
the-year and immature individuals, would migrate out of Virginia waters and subsequently 
return inshore to areas north of Virginia. This pattern of smaller fish being recaptured 
from northern waters was evident for fish tagged during the first two years of the study 
only (Table 10). It was not evident for the fish tagged during 1989 due to the decreased 
number of tag returns from this group. Eleven flounder were recaptured from southern 
waters, or within Virginia during the subsequent year, with an average total length at
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Figure 29. Length frequencies of northern (blank bars), and southern (crosshatched 
bars) returns.
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tagging of 388.1 mm. Only five fish were recaptured in northern waters from the fish 
tagged in 1989, and their mean total length at tagging was 375.2 mm. The mean total 
length at tagging of the offshore recaptures (n=3) was 353.7 mm. There was an absence 
of smaller fish throughout Virginia during 1989, a result of poor recruitment during 
1988-89. This will be discussed in more detail in a later chapter.
DISCUSSION
A total of 12,323 summer flounder were tagged in Virginia waters during the 
summers of 1987-89. The majority of these were tagged and released within Chesapeake 
Bay, while similar numbers of fish were tagged and released at Wachapreague and the 
nearshore coastal waters south of the Bay mouth. There were 675 tag returns from these 
fish during the course of this study, an overall return rate of 5.5%. This return rate 
compared favorably with a recent study in North Carolina (Table 1) (Monaghan 1992), 
but was lower than the historical studies in northern waters off of New Jersey and New 
York (Westman and Neville 1946, Poole 1962, Murawski 1970, Lux and Nichy 1981). 
The decrease in overall return rates between these studies could have been due to a 
number of factors such as a higher number of uncooperative fishermen angered by 
increasing regulations, an increase in the number of out of state fishermen who were less 
knowledgeable of the study, or biological factors in conjuction with the tagging 
methodology. Tag loss or subsequent mortality due to the tags and or tagging procedure, 
could also have resulted in a low return rate.
The only successful tag retention experiment during this study yielded comparable 
survival rates between tagged and untagged individuals. The length frequencies of tagged 
and recaptured fish showed only minor differences, therefore differential mortality and 
tag loss was discounted. Early tagging studies used Petersen disc and Atkins tags which 
result in minor internal trauma to the fish, but sacrifice high visibility (Peterson tag). The 
recent North Carolina study employed internal anchor tags which were highly visible, but
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could have lead to internal trauma and death, if not applied correctly. The present study 
used cinch-up tags that were less traumatic to the internal organs and were also highly 
visible. Since the return rates from these two studies were similar, it was concluded that 
the main difference between the historical tagging studies and the most recent two, was 
most likely a lack of cooperation from fishermen.
Return rates during this study showed a decrease from fish tagged in 1987-88 
compared to the fish tagged during 1989 (Table 2). This was most evident for the fish 
tagged at Wachapreague on Virginia's Eastern Shore. Return rates for fish tagged in 1987 
and 1988 were from 12-13%. The return rate decreased to almost one-half (7.6%) for 
the fish tagged in 1989. This drop-off coincided with the imposition of new regulations 
in Virginia for the summer flounder fishery, chief among them were a ten fish limit on 
recreational fishermen and the banning of trawling from 0-3 miles off the coast of 
Virginia. Return rates of fish tagged in 1989 also decreased for the other tagging 
locations during this study. Overall return rates decreased from 5.5-5.8% in 1987-88, to 
4.4% in 1989.
Excluding the immediate recaptures by the research gear, the recreational fishery 
accounted for the largest proportion of returns from fish tagged at Wachapreague 
(75.6%), while the commercial fishery was responsible for the majority of returns 
(80.1%) from those tagged elsewhere (Table 6). This was most likely due to the 
concentration of recreational fishing effort on summer flounder on Virginia's Eastern 
Shore. Summer flounder is the most highly sought species in the waters behind the 
Eastern Shore barrier islands, while recreational fishermen in Chesapeake Bay and
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nearshore coastal waters seek not only summer flounder, but a number of other species, 
principally bluefish and sciaenid spp, (Marshall and Lucy 1981, VMRC 1989). Overall, 
the recreational fishery was responsible for 38.4% of the total returns, while the 
commercial fisheries accounted for a total of 60.5% (58.2% of the overall returns were 
from the trawl fishery). This breakdown between the two sectors closely paralleled the 
distribution of summer flounder landings during the study period.
Previous tagging studies of summer flounder offer limited insight as to the 
proportion of returns by recapture gear. Poole's (1962) study presented no breakdown 
of the proportion of returns by recapture gear; and Westman and Neville (1946) offered 
only the results of one tagging experiment. Recreational fishermen were responsible for 
63%, and the commercial fishery 33.3%, of the returns from an experiment where only 
50 flounder were tagged. The recreational fishery accounted for 25-59% of the returns 
from fish tagged in coastal New Jersey (Murawski 1970). The offshore winter trawl 
fishery took 1.4-4.8% of the available population of tagged fish during that study. 
Commercial trawlers were responsible for 92.5% of all the commercial returns, while 
pound nets accounted for 7% of the commercial catch. Lux and Nichy (1981) reported 
the results for two separate experiments detailing the breakdown between fishing sectors. 
The commercial fishery accounted for 71.6 and 95.1 %, of the returns from offshore and 
inshore releases, respectively. The recreational fishery was responsible for 26.5 and 3.6% 
of the returns during that study. The low recapture rate by recreational fishermen from 
the inshore releases can be attributed to the time of release, September, which was just 
before the start of the commercial fishing season. Monaghan (1992) reported return rates
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of 57.4% from the recreational fishery, and 20.5% from pound nets, for fish tagged in 
North Carolina. The return rate from the trawl fishery amounted to only 10.6%. The 
increased proportion of returns from pound nets was due to the preponderance of that 
gear in the sounds of North Carolina where the majority of fish were tagged, and the 
smaller trawl fishery below Cape Hatteras. No summer flounder tagged below Cape 
Hatteras were recaptured north of it during that study, while no flounder tagged above 
it were recaptured below it, the Cape apparently acting as a geographic barrier to the 
migration of summer flounder (Monaghan 1992).
. Summer flounder tagged during this study were recaptured mainly from Cape 
Hatteras north to Rhode Island. Relatively few recaptures were made below Cape 
Hatteras. Tag returns during the first summer of tagging showed only local movements 
within state waters. Most of the returns were from the respective release sites, mainly by 
recreational fishermen and to a lesser extent, pound nets. Summer flounder tagged during 
the spring near the mouth of Chesapeake Bay, were later recaptured further up the Bay 
during that summer. Apparently, once the fish have taken up residence during the 
summer months, there is little or no movement until the fall migration begins. Although 
most of the summer flounder tagged in coastal waters off the Virginia Beach area were 
recaptured nearby during the same summer, some of these showed considerable local 
movements. For example, one fish tagged in June 1988 was recaptured during August, 
off Little Creek, VA, inside Chesapeake Bay. A fish tagged in July 1987 off Sandbridge, 
was recaptured the following month at Oregon Inlet, NC. Only one of the summer 
flounder tagged within Chesapeake Bay during the summer was recaptured in coastal
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waters before the fall migration had started in October. These tag returns demonstrated 
that there was little or no exchange of fish between Chesapeake Bay and the coastal 
waters during the summer months. Previous studies in northern waters also noted very 
little exchange between coastal bays and ocean waters during the summer months 
(Westman and Neville 1946, Poole 1962).
The fall migration of summer flounder begins in earnest during the month of 
October, evidenced by the increased number of recoveries from coastal waters south of 
Cape Henry, VA, and those returns from off of Virginia's Eastern Shore, north to the 
mouth of Delaware Bay (Fig. 9). Tag returns were still reported from inside Chesapeake 
Bay at the release sites and one from the mouth of the Potomac River. One return was 
also reported from Wachapreague during October, which indicated that not all of the fish 
tagged had joined the fall migration.
In November, more tags were recovered from the nearshore fishery operating 
from Cape Henry south to Cape Hatteras. Most of these came from just south of the 
Chesapeake Bay mouth between Cape Henry and Sandbridge, VA, where most of the 
nearshore fleet was concentrated (Fig. 10). A few fish were recaptured from areas north 
of the Bay mouth, scattered from just east of the southern tip of the Eastern Shore, north 
to the Delaware Bay mouth. One fish was recaptured offshore, just north of Norfolk 
Canyon. Two fish were recaptured in the lower Chesapeake Bay, indicating a movement 
south out of the Bay. One other fish was taken at the Bay mouth at the southern tip of 
the Eastern Shore.
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The pattern of tag returns was similar for December (Fig. 11). Most of the 
recaptures were again from the nearshore fishery, Cape Henry south to below Oregon 
Inlet. A few returns were scattered on the continental shelf east of the Delmarva 
Peninsula. These were fish moving north and east to the shelf edge. Only one fish was 
recaptured within Chesapeake Bay indicating that the fall migration out of the bay was 
about complete.
The majority of returns during January came from offshore areas in the deep- 
water trawl fishery (Fig. 12). These returns were spread from the Cigar north to 
Wilmington Canyon, but were concentrated east of Cape Henry from the Cigar to 
Norfolk Canyon. A second concentration of tag returns came from inshore waters near 
Oregon Inlet, south to Cape Hatteras. One other return came from inshore waters at Cape 
Lookout, NC, indicating that there was some movement of summer flounder around Cape 
Hatteras. Monaghan's (1992) study described Cape Hatteras as a potential barrier to 
migration for summer flounder. Flounder tagged in North Carolina north of Cape 
Hatteras were not recaptured south of it, and those tagged south of the cape were not 
recaptured north of it. The results from the present study and those of Gillikin et al. (in 
prep, cited in Scarlett 1981) indicate that there was some exchange in winter around Cape 
Hatteras.
The distribution of tag recoveries during February and March were similar to that 
of January (Figs. 13 and 14). Most of the returns were in offshore waters from the Cigar 
north to Norfolk Canyon, with a few returns from the shelf edge north of Norfolk
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Canyon. Another concentration of fish was again apparent in the nearshore waters from 
Oregon Inlet south to Cape Hatteras.
Summer flounder began to move inshore again during April, with six returns 
coming from the waters of the Eastern Shore near Wachapreague (Fig. 15). April is the 
traditional start of the summer flounder recreational fishery in these waters (Marshall and 
Lucy 1981). Three other tags were returned, two from nearshore waters off Oregon Inlet 
and Ocean City, MD, and a third was taken offshore near Norfolk Canyon. Although no 
returns came from nearshore waters during the previous month, the returns for April 
suggested that the inshore migration probably started sometime in March or as early as 
February, and continued through April and May. Tag returns during the month of May 
(the following calendar year after release) were spread from Chesapeake Bay to Rhode 
Island (Fig. 16). Only two of these came from areas north of the release sites, as most 
of the returns came from Chesapeake Bay and the Eastern Shore.
By June, all the returns were from inshore waters indicating that the return 
migration was complete. Summer flounder continued to make local migrations in the 
larger bodies of water, such as Chesapeake Bay, as evidenced by the returns during the 
first summer after release. Upon arriving at their summer haunts, summer flounder 
became almost sedentary, making only minor movements until the fall migration started. 
Those fish which were recaptured during June north of Virginia were mainly taken in the 
coastal waters of New Jersey, from Ocean City north to Sandy Hook. One fish was 
recaptured south of Virginia, at Barden's Inlet, NC.
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Throughout the rest of the summer, fish were recaptured from Chesapeake Bay 
north along the Atlantic coast, to the southeast shore of Long Island, NY. These returns, 
following one year after their release in Virginia, indicated a tendency for most of the 
fish to return inshore to the same areas where they were released during the previous 
year, although some returned inshore to areas north of Virginia, mostly in the coastal 
waters of New Jersey.
The return to inshore waters where summer flounder had been tagged in earlier 
years has been noted previously by Westman and Neville (1946). They stated that their 
results confirmed "...the species tendency toward returning to the immediate place of 
tagging during the succeeding year.". They further stated that once a group of flounder 
had taken a seasonal migratory trip to Long Island waters, that there was a tendency to 
repeat this in succeeding years. Poole (1962) indicated that there was a strong tendency 
for summer flounder to return to Long Island waters, and Great South Bay itself, after 
spending the winter offshore, with a dispersion in subsequent summers in an easterly 
direction. Summer flounder tagged in inshore New Jersey waters showed a return to their 
tagging area during the following summer "...of a major portion..." of the fish, with the 
remainder being taken in the waters to the north and east of the tagging area (Murawski 
1970). This pattern of returns shows a tendency for flounder to be taken at or near their 
release locations, or further to the north and east, thereby contributing to the summer 
populations of coastal areas of Long Island to Nantucket Sound. Summer flounder tagged 
off of Eastern Long Island and in Martha's Vineyard, were recaptured during the 
subsequent summer from northern New Jersey to south of Cape Cod (Lux and Nichy
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1981). They also noted a pattern of returns which came from inshore areas farther to the 
east as the subsequent summer progressed. The results from these studies have shown that 
relatively few recaptures of summer flounder tagged in the northern Mid-Atlantic Bight 
were subsequently taken in inshore areas south of New Jersey. As Lux and Nichy (1981) 
stated, "...the general pattern of recoveries... indicated that the summer flounder that 
move as far north as the winter grounds north of Hudson Canyon, become rather 
permanent residents of the northern part of the Mid-Atlantic Bight.".
That summer flounder have been recaptured from inshore areas to the northeast 
of their release sites in subsequent summers has led to the hypothesis that the major 
nursery areas for summer flounder were the inshore waters of Virginia and North 
Carolina, and that as they grew older and larger, they would return inshore to areas 
farther north and east of these nursery grounds (Poole 1966, Murawski 1970, Lux and 
Nichy 1981). Results from this study indicated that it was not the larger and older fish 
which returned to inshore areas north of Virginia, but the smaller fish (length at tagging). 
Summer flounder that were recaptured north of their release site in subsequent years were 
smaller (length at tagging), than those recaptured at their release sites, or to the south, 
in later years. These results suggest that while the waters of Virginia do indeed form a 
part of the nursery grounds for fish which move north in subsequent years, they are 
primarily a nursery area for fish which will return to these same waters as they grow 
older and larger. Summer flounder spawn offshore on their way to their offshore 
wintering grounds (Smith 1973); and the larvae are transported inshore to nursery 
grounds along the Atlantic coast from North Carolina north. Upon leaving estuarine
waters in the fall, these O-age fish migrate offshore, either north, south, or east of the 
nursery grounds returning inshore the following summer. The proportion of fish returning 
to inshore waters north of Virginia is indicative of the importance of Virginia estuaries 
to the northern populations of summer flounder. These proportions could fluctuate year 
to year dependent on the spawning success of the parent stock and environmental factors 
which could influence the relative recruitment to the nearshore waters.
CHAPTER II
AGE AND GROWTH OF SUMMER FLOUNDER
INTRODUCTION
Considerable controversy exists concerning the age and growth of summer 
flounder, and the validity of using structures such as otoliths and scales to age this species 
(Powell 1974, 1982, Shepherd 1980, Smith et al. 1981). Sagittal otoliths have been used 
to age summer flounder by Poole (1961) in New York; Eldridge (1962) in Virginia; Smith 
and Daiber (1977) in Delaware; and Powell (1974, 1982) in North Carolina, while scales 
have been used more recently by Shepherd (1980), and Monaghan (1992) (Table 11), 
Disagreement between the authors on assigning a birthdate has led to some of the 
confusion (Shepherd 1980). A birthdate of 1 January has been suggested in order to avoid 
future discrepancies, and fish are not considered to be one year old until after their first 
summer (Smith et al. 1981).
The primary disagreement has centered on the interpretation of the first annulus 
(Shepherd 1980, Smith et al. 1981). Poole (1961) and Powell (1974, 1982) selected the 
first opaque zone or ring away from the otolith's core as the first annulus and used length 
frequency distributions to corroborate the annuli. The "0+" and "1+" length frequencies 
from these studies did not agree, and at a workshop held in 1980, it was decided that 
Powell's (1974) length frequencies most resembled those reported from other studies and 
that Poole's (1961) results were from an abnormally fast growing year-class (Smith et al. 
1981). Powell (1982) reported mean total lengths at age-1 for males as 167 mm, and 171 
mm for females in North Carolina waters. Recent studies in New Jersey (Able et al. 1990, 
Szedlemayer et al. 1992) suggested that young-of-the-year summer flounder in the
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northern MAB reach a larger size (160-320 mm TL) than those from the southern portion. 
This supports Poole's (1961) findings in New York and suggests that there may be 
latitudinal differences in the growth of summer flounder (Powell 1982).
Other studies have interpreted the first distinct annulus outside the core as being 
formed at age-2 or age-3. Smith and Daiber (1977) considered the first opaque zone as 
being formed at age 2, only because they felt the fish were too large to be "1+" fish when 
compared to reported length frequencies. Shepherd (1980) also considered this mark to 
be formed at age 2 based on the comparative work he did on scales, otoliths, and fin rays. 
Eldridge (1962) felt that this first mark represented the third annulus, based on 
observation of the length frequencies, and that flounder were thought to mature and spawn 
at that age (Smith et al. 1981).
Scales have been used infrequently in the past to age summer flounder. Poole 
(1961) and Powell (1974) examined scales from summer flounder but could not 
distinguish growth marks. Shepherd (1980) demonstrated that scales could be used to age 
summer flounder as long as the proper materials and care were used. A method of making 
scale impressions from laminated plastic proved to be critical (Dery 1983). In fact, scales 
and fin rays are now preferred because their annuli are considered to be more distinct 
than those of otoliths (Dery 1988). The advantage of using scales or fin rays over otoliths 
is that the fish doesn't have to be sacrificed (good for tagging studies), or mutilated 
(facilitating collection of data from the recreational and commercial fisheries) (Shepherd 
1980). A recent study conducted in North Carolina waters (Monaghan 1992), and all the 
summer flounder ageing work done at the NEFSC presently utilize the scale method.
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The present study was undertaken in order to provide an estimate of the growth 
of summer flounder in Virginia waters and to compare that to previous studies.
METHODS
Scales were taken from an area just above the lateral line anterior to the caudal 
peduncle and stored dry in paper coin envelopes. Total length (TL, in mm) was recorded 
from each tagged fish and the weight (in grams) was also recorded when sea conditions 
were favorable. Scale samples were also taken from fish that were too damaged to tag, 
or were under the minimum tagging size of 250 mm. These fish were also weighed when 
conditions permitted, and the sex and stage of maturity (Morse 1981) were recorded. 
Scale samples were returned to the lab and stored in their envelopes until dry.
Scale impressions were made by placing 5-10 scales, sculpted side up, on a thin, 
.25mm (.01") sheet of aluminum. A 25 x 75mm sheet (1 x 3") of laminated plastic 
(Curform grade 7760), soft side down, was then placed on top of the scales. A thicker, 
.5mm (.02") sheet of cellulose acetate was placed over this and the "sandwich" was 
passed through an Ann Arbor model I10-H10 hand roller press. The pressure applied 
varied according to scale thickness and was adjusted in order to obtain the clearest 
impression possible. The impression was formed on the sheet o f laminated plastic. These 
methods were outlined in Dery (1983, 1988), and the scale method of ageing has been 
validated by Shepherd (1980), and is now the accepted method for ageing summer 
flounder by federal and state agencies on the Atlantic Coast (Almeida et al. 1992).
Scale impressions were read on a Bell and Howell Model MT-601 microfiche 
reader with a magnification of 40x. Scale measurements (in mm) were made from the 
focus to the anterior edge of each annulus and to the scale edge along the centerline (Fig.
107
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30). Ageing criteria for summer flounder scales were taken from Jearld (1983), Dery 
(1988), and Almeida et al. (1992) and were as follows:
-Annuli consisted of cutting-over or crossing-over across previously 
deposited circuli on the scales. The mark must be continuous and intersect the 
ctena to be interpreted as a true annulus. When growth began again, the new 
circulus was complete and appeared to cut across earlier circuli.
-The first annulus was interpreted as the first continuous cutting-over mark 
formed on the scale.
-Since cutting-over marks may form as late as June, the edge of the scale 
was included in the assigned age as of 1 January, even if no annulus had yet 
formed.
-The erosion or absorption of the scale edge during slow growth periods 
resulted in incomplete or discontinuous cutting-over. These were defined as growth 
check marks.
Scale impressions were aged twice during the course of the study without knowing 
the length of the fish, but the reader was aware of when the fish was caught in order to 
assign an appropriate age. Therefore, a fish caught during the summer with no annulus 
was assigned an age of 0, while one caught during the same time that had one or more 
annuli with some subsequent growth was aged as 1+, 2+, etc. Fish caught in January or 
February, that had not yet formed an annulus (and were not young-of-the-year) were 
assigned an age of 1 in accordance with the assumed birthdate of 1 January. Older fish
109
Figure 30. Idealized scale drawing indicating prominent features and measurement
plane (Figure 4 from Dery 1988).
Focus
Scale impression of a 26-cm, age-1 summer flounder 
collected in May from northern waters [Figure 4 from 
Dery (1988)].
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with one or more annuli were assigned an age based upon evaluation of the scale margin 
from the last fully formed annulus. If there was disagreement between the first and second 
readings then that fish was not used in subsequent analyses.
Two subsets of the scale samples were made, one from the tagged fish (unknown 
sex group), and one from the fish that were not suitable for tagging (known sex group). 
The latter group was used to analyze sex-specific growth rates, while both groups were 
pooled to estimate overall average growth rate. Scale samples from tagged fish were 
randomly selected (up to 3 fish) by 10 mm size groups monthly, to cover the full size 
range of fish. All summer flounder larger than 450 mm were selected for ageing due to 
the scarcity of large fish during the study period.
Scale samples from the non-tagged fish were randomly selected as previously and 
they were also subsampled according to sex. Therefore, each monthly subset was split 
into groups based on the sex of the fish which were then randomly selected within 10 mm 
size groups over the size range collected.
To determine whether the fish length-hard part relationship was linear, total length 
was plotted against scale radius (magnification 40x), for males, females, and for all the 
fish combined. Regression analysis was then performed employing the SAS GLM
procedure (SAS 1988) using the formula:
TL = a + b(SR)
where: TL = total length (mm) of the fish at time of capture,
SR = scale radius (mm) at time of capture,
b = slope of the regression line, and
a y-axis intercept.
I l l
Individual lengths-at-age were backcalculated by the modified Fraser-Lee method 
(Lagler 1956):
L' = a + S' (L - a) / S
where: L1 = total length (mm) of the fish at time of annulus
formation,
L = total length (mm) of the fish at time of capture,
S' = measurement to the annulus,
S = scale radius at time of capture, and
a = correction factor; y-axis intercept of the regression
of total length on scale radius.
Marginal increment analysis was performed to determine the periodicity of annulus 
formation. Measurements were standardized by dividing the marginal increment widths 
by the respective widths of the last fully formed growth bands, and these relative marginal 
increments were compared by month of capture and age of fish. Monthly length 
frequencies were also employed to verify age interpretations of the younger fish.
The von Bertalanffy (1957) growth equation:
TL = L inr (1 - exp[ -K (t - 1 o )])
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where: L inf = the average total length (mm) that a fish would
achieve if it were allowed to grow indefinitely in 
accordance with the model,
K = Brody's growth constant,
10 = the hypothetical age at which a fish would have zero
length, and
t = age of the fish in years (Ricker 1975); 
was then fitted to the individual and mean backcalculated total lengths-at-age using the 
SAS NLIN procedure with the Marquardt option (Vaughan and Kanciruk 1982), Mean 
backcalculated lengths-at-age were generated for males and females separately, and for 
all fish combined.
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COMPARISON OF SCALES AND OTOLITHS
Scales and otoliths were collected from summer flounder during 1990-94 from 
VIMS juvenile flnfish surveys within Chesapeake Bay. Scale samples were taken in the 
same manner as previously and both sagittal otoliths were removed and individually 
stored dry in plastic trays. The date of capture, sex, total length (mm), and weight (gms) 
were recorded for each fish. Scale impressions were made and viewed on a microfiche 
reader at 40x. The left otolith was placed concave side up in a black watch glass and 
viewed whole in distilled water with a dissecting microscope equipped with an ocular 
micrometer at lOx magnification and reflected light (Wenner et al. 1990). Ageing criteria 
for otoliths were kept simple and consisted of:
-the ring had to be complete and concentric outside the nucleus,
-the first complete ring observed outside of the core was assumed to be the 
first annulus, and
-an assumed birthdate o f 1 January was used to evaluate "plus" growth 
after annulus formation.
Otolith measurements were made from the center o f the nucleus to the anterior 
edge of each opaque zone or ring, and to the edge (otolith radius) (Fig. 31). The number 
o f rings or presumed annuli from each structure were then compared to determine the 
reliability o f the scale as an ageing structure for summer flounder.
The relationship of fish length to each of the hard parts was examined by 
regression analysis to determine whether the relationships were linear. Backcalculated
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Figure 31. Idealized drawing of otolith indicating prominent features and
measurement plane.
115
lengths were then computed for each fish using the y-axis intercepts from the regression 
analyses for the two structures independently. The von Bertalanffy growth equation was 
then fitted to the individual and mean backcalculated lengths-at-age for each structure. 
The results were then compared to assess the differences in using each structure.
RESULTS
Crossing-over or cutting-over marks were observed on summer flounder scales 
examined during this study. These marks were interpreted to be annular in nature and 
ages were assigned to each fish according to the number of marks observed. In addition, 
ages were advanced one year for those fish which had yet to form an annulus but were 
captured after the assumed birthdate of January 1 (Smith et al. 1981, Dery 1988, Almeida 
et al 1992).
A total of 3180 scale samples taken during 1987-90 were compared for percent 
agreement between readings. Thirty-nine samples (2.1%) were unreadable due to the 
presence of regenerated scales and were subsequently discarded. Agreement between the 
first and second readings of the remaining scale samples was very high, 93.3% (Table 
12). The majority of the disagreements occurred during the beginning of the study when 
I was learning to read the scales and they were subsequently reaged and the discrepancies 
resolved. Seventeen samples could not be resolved and were discarded. Percent agreement 
between the first and second readings decreased with increasing age and size of fish, 
which indicated that reliability in ageing summer flounder by the scale method decreased 
with increasing age. In only one case did the two readings differ by more than one year, 
a three year-old fish that was originally aged as a five year-old. This difference was 
attributed to the presence of false annuli, or growth checks, on the scales examined during 
the first reading.
Differences between the first and second readings were attributed to the presence
116
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Table 12. Percent agreement between scale readings for all 
summer flounder aged, 1987-90.
Age Group
0 1 2 3 4 5 6 7 Total
Agree 342 1475 881 178 43 6 4 1 2930
Disagree 24 66 58 22 11 8 3 2 194
Discarded 0 4 9 3 1 0 0 0 17
Total 366 1545 948 203 55 14 7 3 3141
% Agree 93 .4 95.5 92.9 87 .7 78.2 42.9 57.1 33 .3 93 .3
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of false annuli, which produced growth checks or because the true annulus was not 
distinct. Growth checks appeared similar to true annuli in the anterior scale margin but 
were not associated with crossing-over or cutting-over of circuli in the posterior field. 
These cutting-over marks became less clear in scales from older summer flounder and 
were crowded near the scale edge (posterior field). Increasing age also caused the true 
annuli to be more crowded in the anterior field of the scale which also contributed to 
misinterpretation of age.
Everhart and Youngs (1981) listed three primary conditions that should be met in 
order for scale age determinations to be accepted as accurate: (1) the scales must remain 
constant in number and identity throughout the life of the fish; (2) the growth of the scale 
must be proportional to the growth of the fish; (3) the annulus must be formed yearly and 
at the same approximate time each year. An additional criterion that backcalculated 
lengths should agree with empirical or observed lengths has also been suggested (Van 
Oosten 1929). The first condition was met by taking scales from the same body region 
from all fish and by eliminating any scales that were regenerated or were abnormal in 
their general appearance.
Total length was plotted (on the y-axis) against scale radius for males, females, 
and all fish combined (Fig. 32). Regression analysis was then employed to determine if 
the total length-scale radius relationships were linear. The regression equations for each 
sample were determined to be linear (P < .0001) and are as follows:
Males: TL = 79.76 + 1.46(SR), r 2 = 0.88, n = 523;
Females: TL = 58.82 + 1.76(SR), r 2 = 0.888, n = 750;
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Figure 32. Total length-scale radius scatterplots for a) male, b) female, and c) all
summer flounder aged.
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All fish: TL = 43.92 + 1.84(SR), r a = 0.878, n = 3124.
The regression results indicated that scale growth was indeed proportional to fish growth, 
thereby satisfying the second condition set forth by Everhart and Youngs (1981).
Monthly mean relative marginal increments (RMI) were plotted by age groups for 
all sexes combined (Fig. 33). Ages 1-4 were plotted separately while ages 5-7 were 
pooled due to the paucity of older fish taken during the study period. Age-1 fish which 
had not formed an annulus yet were assigned an RMI value equal to one. Relative 
marginal increments were highest during the fall and winter months, and then decreased 
to a minimum in June for ages 1-4. The minimum for ages 5-7 occurred during May, but 
no age 5-7 fish were captured during September-December, or from February-April, 
which made the interpretation of these results difficult at best. All the age groups 
exhibited a gradual increase in their RMI values through the summer months which 
indicated positive growth after formation of a new annulus in the spring. The results lead 
to the conclusion that only one annulus was formed each year, and that the time of 
formation was in the spring, mainly during May and June.
The observed length frequencies of summer flounder captured during the course 
o f the tagging study proved to be beneficial in discerning the early age groups (ages-0 
and 1). During 1987 and 1989, a prominent mode of fish (presumed young-of-the-year) 
was observed beginning in June and persisted through September. The mode appeared in 
June 1987 at approximately 110 mm and progressed rapidly through September when the 
mode was about 240 mm (Fig. 34). Older and faster-growing members o f this year-class 
merged with the slower growing individuals of the previous year-class in August 1987
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Figure 33. Mean monthly relative marginal increments (RMI) by age group (sexes 
pooled).
1. 2  
1
0.8 
0.6 
0.4 
0.2 
0
J F M A M J  j a s o n o  
MONTH
1
0.8 
0.6 
0.4 
0.2 
0
1 
0.8 
0.6 
0.4 
0.2 
0
Age 3
ts
2
26 T
*
■>3t
T
M M I J A 
MONTH
T Age 2
. 2Q .
39 -L 23
F l T ■' ■ ■ ' 15s:; .■•-P*
164
pF->:1«::P&.
•101
r£ i
T~
M i J A 
MONTH
~T~
NM
R M I
75 40 .■.a
Age 1
r ± i 61
riEl
48. 22
335 rSE-jpfc-1-XS0-:
r ^ i 255 ■
181E^S- r *
.294
160-
1———II r I "I ! ! " ! " I - 11 I
1.2 
1
0.8 
0.6 
0.4 
0.2 
0
J F M A M J J A S O N D  
MONTH
1
as 
0.6 
0.4 
0.2 
0
J F M A M  | J A S O N D
MONTH
1 
0.8 
0.6 
0.4 
0.2 
0
J F M A M  J J A S O N D
MONTH
All Ages
* *
: <07.:
w
4IB
hi :
t— i— —i i l l r M l—■*—j—4*-|—*" (
Ages 5-7
i "™ i n i " i —f- i i— i i i i
RMI
Age 4
- 4
16
18 4
*
T- I-  1------ 1---- —I- 11 l- 11- ! ' 4 1  1------ [------ r
122
Figure 34. Monthly length frequencies of summer flounder caught during 1987.
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at about 250 mm. Young-of-the-year summer flounder were not observed until August in 
1988 and were scarce when compared to the other two years (Fig. 35). Young-of-the-year 
fish were again observed beginning in June 1989 with a mode at about 120 mm and grew 
rapidly with modes at 240 and 270 mm in August and September, respectively (Fig. 36). 
No overlap between the first (young-of-the-year) and second (age-1 fish) modes was 
observed during 1989.
A second prominent mode was observed in both 1987 and 1989 which was 
assumed to represent the age-1 fish (Figs. 34 and 36). This mode was evident during all 
the years of the study, being especially large in 1988 due to the lack of young-of-the-year 
summer flounder at that time (Fig. 35). A third but more flattened mode was observed 
each year which represented age-3 and older fish. This flattening out of the modes was 
attributed to: 1) the paucity o f older fish during the study; and 2) differential growth 
between the sexes which will become apparent upon further examination.
The number of fish which exhibited a new annulus was calculated by month to 
determine the time of annulus formation by each age group and for all ages combined 
(Table 13). New annuli were observed beginning in January (ages 2 and 3), and continued 
forming through August. More than half the samples examined (59.4%), exhibited a new 
annulus by May, and by June, 94.9% of the samples had formed a new annulus. These 
results further confirmed that the time of annulus formation on scales of summer flounder 
during this study was during May and June, thereby satisfying the third criterion set forth 
by Everhart and Youngs (1981).
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Figure 35. Monthly length frequencies of summer flounder caught during 1988.
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Figure 36. Monthly length frequencies of summer flounder caught during 1989.
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The size at first annulus formation varied from year to year during this study 
(Figs. 37-39). The first annulus was observed on summer flounder as small as 179 mm 
TL (May 1989), while one fish, 367 mm TL (May 1987) had not formed its first annulus 
yet. Most of the age-1 summer flounder exhibited an annulus by June of each year and 
annulus formation did not appear to be a function of fish size, but one of season.
Mean lengths-at-age were backcalculated for 393 male and 542 female summer 
flounder (Tables 14 and 15). Another 1496 individuals were of unknown sex and were 
used to provide pooled estimates of backcalculated lengths-at-age for a total of 2431 
individuals (Table 16). The oldest male summer flounder was estimated to be age-5 (n 
= 1), while the oldest females were age-4 (n = 14). The oldest fish examined during this 
study was estimated to be an age-7 fish (unknown sex). The majority of summer flounder 
aged during this study were estimated to be ages 0-3 (97.5%). Summer flounder older 
than age-4 were extremely scarce, only 24 individuals (0.76%) were estimated to be ages 
5-7 during this study.
The yearly mean observed lengths-at-age were consistently higher than the 
backcalculated lengths-at-age which indicated seasonal growth had occurred since the 
formation of a new annulus (Tables 14-16). The majority of fish examined were captured 
during the summer months which would account for this difference. The mean observed 
lengths-at-age o f fish taken during May (time of annulus formation) were consistent with 
the mean backcalculated lengths-at-age, which would satisfy the fourth criterion of Van 
Oosten (1929) that backcalculated lengths should agree with empirical lengths.
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Figure 37. Length frequency distributions and absence (blank bars) or presence
(crosshatched bars) of first annulus in one year-old summer flounder, by
month of capture for 1987.
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Figure 38. Length frequency distributions and absence (blank bars) or presence
(crosshatched bars) of first annulus in one year-old summer flounder, by
month of capture for 1988.
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Figure 39. Length frequency distributions and absence (blank bars) or presence
(crosshatched bars) of first annulus in one year-old summer flounder, by
month of capture for 1989.
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Female summer flounder were consistently larger than males at ages 1-4, with the 
difference increasing with age (Tables 14 and 15). The largest males examined during this 
study were two fish which measured 471 mm TL each, one taken in August (age-4+) and 
one in January (age-5). In contrast, a total o f 25 female summer flounder over 500 mm 
TL (ages 2-4) were taken during this study, the largest being a 583 mm TL (age-4) fish 
taken in January. Most of the large fish taken during this study were tagged and released, 
therefore their sex was unknown. Since no males greater than 471 mm TL were 
examined, all fish greater than 500 mm TL were then assumed to be females and the data 
were reanalyzed (Table 17).
Mean backcalculated lengths-at-age were then used to develop the von Bertalanffy 
growth equations for each sex and the pooled samples (Table 18). The growth equations 
for female summer flounder were developed using the fish of known sex first (eqn. 1), 
and then with the large fish that were assumed to be females (fish greater than 500 mm 
TL; eqn. 2). The resulting equations were as follows:
Males: L t =
Females (eqn. 1): L ^
Females (eqn.2): L , =
All Fish: L , =
695.9 ( 1 - e (« + »■»») )s 
1072.2 ( 1 - e -0-142(•+..075 
820.5 ( 1 - e *m3»c« + mm )
864.0 ( 1 - e -0 211 (4 + 0-717 ) y
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Individual backcalculated lengths-at-age were also used to develop the von 
Bertalanffy growth equation in the same manner (Table 18). The resulting equations 
differed from the previous calculations and were as follows:
Males: L .=
Females (eqn.l): L t =
Females (eqn. 2): L ,=
All Fish: L« =
558.7 ( 1 - e -o»(* + o.™7) ^
1055.8 ( 1 - e ' 0-"5^ 1-062)),
757.8 ( 1 - e -°-293 c *+ 0S2®)), 
859.0 ( 1 - e i + o.69) y
Cohort-specific growth rates were also examined for the fish aged from the 
tagging study. Each fish aged was assigned to a specific cohort based on its age and when 
it was captured. The fish of known sex were analyzed separately (Tables 19 and 20), and 
then all the fish were pooled to provide an estimate o f mean cohort growth (Table 21).
Sample sizes for all the cohorts except 1985-86 and 1986-87 were less than 100 
individuals for the fish of known sex, therefore these results should be interpreted 
carefully. Age-1 male summer flounder attained average lengths o f less than 260 mm for 
the 1984-85 through 1987-88 cohorts (Table 19), averaging about 250 mm. Female 
summer flounder attained lengths of about 270 mm at age-1 for the same cohorts 
including the 1988-89 group (Table 20).
Lengths at age-2 differed between the sexes but not among the cohorts. Males 
attained lengths of approximately 340 mm by age-2, while females averaged about 380 
mm at the same age (Tables 19 and 20). Sample sizes in the older cohorts (pre 1984-85)
Table 1 9 . Mean backcalculated lengths-at-age for male summer
flounder by cohort.
Mean Backcalculated length-at-age
Cohort n 1 2 3 4
1988-89 12 230.6
1987-88 23 245 .4 -
1986-87 244 246 .5 337.4 -
1985-86 101 256 .4 334.9 381.5 -
1984-85 10 258 .0 338.2 386 .3 460.5
1983-84 2 282 .5 348.7 406 .5 -
1982-83 1 227.3 356.1 412.0 449.3
Pooled 248 .9 336 . 7 392.6 454.9
No. BCL's 393 64 9 2
Mean Annual Growth 
Increment 248.9 87.8 55.9 62.3
Table 20. Mean backcalculated lengths-at-age for female
summer flounder by cohort.
Mean Backcalculated length-at-age
Cohort n 1 2 3 4
1988-89 43 274 .4
1987-88 67 270.9 388.6
1986-87 192 271.3 392.7 460 .4 -
1985-86 205 272.7 369.8 462 .2 -
1984-85 26 279.4 384.1 476.8 -
1983-84 5 295.8 406.0 486.8 543.8
1982-83 4 323 .7 418.9 492 .5 555.9
Pooled 273.0 '378.8 470.0 549. 9
No. BCL's 542 160 32 4
Mean Annual Growth 
Increment 273.0 105.8 91.2 79.9
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were low and the results indicated that those fish attained larger sizes at age. This trend 
was evident for both sexes and may have reflected a tendency for increased survival 
among the older, faster growing individuals in those cohorts.
The difference in size at age between the sexes was quite evident by age-3 for all 
the cohorts. Male summer flounder had yet to reach 400 mm in length while females 
averaged about 470 mm (Tables 19 and 20). The large difference in growth between the 
sexes by age-3 resulted in the "flattening" out of the modes observed in the length 
frequencies (Figs. 35-37). Female summer flounder grew faster than their male 
counterparts in each cohort which resulted in the overlap in the length frequency modes. 
Examination of the cohort growth rates using all the sexes pooled indicated that 
summer flounder attained an average length of 266 mm at age-1 (Table 21). Differences 
among the cohorts were only observed where the sample sizes were low, mainly the older 
cohorts, and reflected a tendency for higher survival of older, larger fish.
Observed total lengths were pooled by age group and month of capture to provide 
an estimate o f the relative size and variation in size of summer flounder throughout the 
year (Table 13). Mean observed total lengths were plotted by month to describe yearly 
growth (Fig 40).
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Figure 40. Monthly mean observed total lengths o f a) male, b) female, and c) all 
summer flounder aged during this study (vertical bars represent +/- I SE).
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COMPARISON OF SCALES AND OTOLITHS
The scale samples and sagittal otoliths collected from 170 summer flounder in 
Chesapeake Bay from April through October, 1990-1994 were examined to compare the 
number of presumed annuli found on each structure. The fish examined ranged in size 
from 66 to 587 mm TL.
Scales again exhibited the crossing over marks that were interpreted as annuli 
following the established criteria. Otoliths were also found to exhibit periodic marks, 
narrow, concentric, opaque rings beyond an opaque central core, that were clear and easy 
to read. These rings were assumed to be annular marks.
There was 100% agreement between the two readings for each structure separately. 
There was also 100% agreement between the structures in terms of assigned ages based 
on an assumed birthdate o f 1 January. There were only four instances (2.4%) where the 
number of rings or presumed annuli present on each structure did not match exactly. Two 
age-1 fish, a 231 mm TL male captured in July, and a 285 mm TL female taken in 
September, showed a clear first ring on their otoliths but had no corresponding mark on 
their scales. Two age-4 females, 577 mm and 587 mm TL, taken in June, showed four 
distinct marks on their scales, but had only three rings on their otoliths. In each of the 
four cases, identical ages were assigned to the fish. These results indicated that summer 
flounder scales and otoliths provided similar results for age determination purposes.
Relative marginal increment analysis was used to determine whether the observed 
marks were laid down once per year for each of the structures. Mean monthly relative 
marginal increment plots for ages 1-4 showed only one trough during the year, indicating
146
that only one mark was formed each year (Figs. 42 and 43). Only one age-5 fish was 
examined during this portion of the study so the results for age-5 fish could not be 
interpreted. Scale samples seemed to exhibit a pattern of lowest relative marginal
increment occurring earlier than those from otoliths, but the lack of age-2 fish during
April to June precluded the interpretation of these results. This apparent pattern suggested 
that summer flounder formed annuli on their scales earlier than they formed annuli on 
their otoliths. The pattern of rapidly increasing relative marginal increments on scales also 
suggested that summer flounder scale growth was more rapid following annulus formation 
than that of otolith growth. The low sample sizes employed here though preclude any 
definitive conclusions concerning scale versus otolith growth patterns.
The total length-hard part size relationships for both structures (n = 170) showed 
a linear relationship (P < .0001) for each (Fig. 44), and were described by the following 
equations:
Scales: TL = 31.95 + 1.88 (SR), r 2 = 0.973;
Otoliths: TL = -35.47 + 8.85 (OR), r 2 = 0.955.
Backcalculated lengths-at-age were estimated for each fish using both scales and 
otoliths (Tables 22 and 23). Mean backcalculated lengths-at-age were smaller for scales 
at age-1 compared to otoliths, but were larger for ages 2-5. The differences were less than 
11 mm for ages 1-3 and age-5. The largest difference between mean backcalculated
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Figure 42. Monthly mean relative marginal increment (RMI) by age group using 
scales.
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Figure 43. Monthly mean relative marginal increment (RMI) by age group using 
otoliths.
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Figure 44. Total length-scale radius (a), and total length-otolith radius scatterplots (b).
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lengths was for the age-4 fish, 17.8 mm. Overall mean observed total lengths were larger 
than mean backcalculated lengths in all cases which indicated that seasonal growth had 
occurred since the time of annulus formation. The mean observed lengths of fish collected 
closest to the time of annulus formation (April-June), agreed fairly well with the 
backcalculated lengths (Tables 22 and 23).
The data for each structure was then fitted to the von Bertalanffy growth function 
using the individual and mean backcalculated lengths-at-age (BCL's) to assess the 
differences between scale and otolith determined ages (Table 24). The maximum size (L 
inr) was larger for scale determined ages than those calculated from otoliths in each case. 
The following equations describe the average growth for each structure:
Individual BCL's scales: L, = 635,2 ( 1 - e ',403 (1 + ,312 >),
otoliths: L t = 607.5 ( 1 - e -413 < *+ 403 >);
Mean BCL's scales: L t = 534.7 ( 1 - e -714 <' * •08s >),
otoliths: L , = 519.5 ( 1 - e "724 <1 + -023 >).
The relatively low maximum size can be attributed to the inclusion of the single 
age-5 fish (516 mm TL, female), which seemed to be very small for its age and sex, even 
though both structures provided identical estimates o f its age. The presence of false annuli 
on each of the structures may have attributed to an overestimate of its true age, or it 
might have been an abnormally slow growing fish. When this fish was eliminated from 
the analyses (Table 25), the von Bertalanffy growth equations were:
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Individual BCL's scales: L t = 706.4 ( 1 . e "318<» + JI8>),
otoliths: L t = 682.5 ( 1 , e -317<* + -57' )
Mean BCL's scales: L, = 668.6 ( 1 .  e -36S(1 + ,34s 1 )5
otoliths: L t = 621.6 ( 1 . e -403 <, + J38>).
DISCUSSION
Most of the controversy concerning the age and growth of summer flounder has 
stemmed from the assignation of the first annulus- when it occurs during its lifespan and 
where it occurs on the hard parts (Smith et al. 1981). Various authors have reported that 
the first annulus occurs at anywhere from 1 to 3 years o f age (Poole 1961, Eldridge 1962, 
Smith and Daiber 1977, Shepherd 1980). Any fish which undergoes a prolonged spawning 
season that crosses over two calendar years would seemingly lead to confusion in its age 
interpretation by the human interpreters. If an arbitrary birthdate is assigned at the start 
o f the calendar year, than that interpretation is made much easier when knowledge of the 
spawning season is taken into account. Such is the case with summer flounder. Spawning 
commences in the fall of one year and sometimes continues into early spring of the next 
year (Smith 1973). If an arbitrary birthdate of 1 January is assumed then the task of 
assigning a correct age is possible.
Another discrepancy in summer flounder ageing studies has been a belief that the 
first annulus was not deposited until the fish had spawned for the first time. This theory 
grew out of the analysis of length frequency data where the fish were assumed to be too 
"young" to have spawned (Eldridge 1962), and therefore an annulus was not assigned to 
the first observed mode in the length frequency. This is totally preposterous and little 
thought should be devoted to it since no hard part analysis was even attempted on these 
"young" fish.
156
157
Given the protracted nature of the spawning season of summer flounder, there may 
be a large variation in the size of fish from any one year-class. Summer flounder spawned 
early in the fall may be able to attain a greater size than those fish spawned in early 
spring, if all other factors are equal. Most o f the summer flounder captured during the 
winter months in Chesapeake Bay tend to be small for their age (approaching age-1), and 
may represent those fish spawned in early spring of the previous year (VIMS unpub. 
data). The size range of age-1 fish at the time of annulus formation, during May, from 
this study was 179-367 mm TL (Table 13).
The suitability o f using scales to age summer flounder, at least for the younger 
ages, was found to be acceptable. Annuli were quite clear up to and including age-3, after 
that, it became increasingly difficult to properly identify each annulus. Percent agreement 
between readings decreased sharply after age-3. Subsequent readings resolved most of the 
disagreements involving the older fish, which was necessary due to the low abundance 
of older fish throughout the study period (only 2.5% of the fish were age-4 or older).
Monthly length frequencies corroborated the age determinations from scales. 
Summer flounder aged 0-2 were clearly identifiable from the length frequencies taken 
each year. Differential growth between the sexes, and within each age class, obscured the 
older age groups. Ages determined from scales and otoliths of 170 summer flounder 
agreed 100% for fish up to age-5, further establishing the scale method of ageing summer 
flounder in this study as valid.
Marginal increment analysis proved that the marks formed on scales were annular 
in nature for ages 1-4, and that they occurred on the scale edge during spring, mainly
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during May-June. Age 5-7 summer flounder also exhibited a trough in their marginal 
increment values during May, but the sample size was low and did not cover the whole 
year. The marginal increment values for the pooled age groups were lowest in June, and 
then steadily increased until the end of the calendar year.
Scales of summer flounder begin to exhibit new annuli as early as January and 
continue forming through August, though most fish appear to form their annuli during 
May-June. Shepherd (1980) stated that erosion of the scale edge became prominent in 
March-April when the marginal increment was smallest, but that it occurred at about 10 
cm and was barely discernible. This marking on the scale was probably not a true annulus 
but may represent a change in the growth pattern coinciding with either a change in diet 
or habitat. Using otoliths, Poole (1961) stated that annulus formation occurred during 
February-March in Great South Bay, New York, while Powell (1982) found that annulus 
formation in otoliths of yearling summer flounder occurred from January to June in 
Pamlico Sound, North Carolina.
A wide range of sizes at age-1 have been reported in the literature. Poole (1961) 
calculated the mean size at age-1 for males to be 251 and for females as 271 mm TL. 
These sizes were previously believed to correspond to an abnormally fast growing year- 
class but recent studies from North Carolina (Monaghan 1992) and New Jersey (Able et 
al. 1990, Szedlmayer et al. 1992) support these findings. The overall mean observed total 
length of age-1 summer flounder captured in May (time of annulus formation in this 
study) was 265.4 mm TL (n = 335).
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The size at which summer flounder form their first annulus appeared to be more of a 
function of time of year and not related to the size that an individual fish had attained. 
In New Jersey, summer flounder formed their first annulus at 275-325 mm TL but the 
time of formation was not stated (Szedlmayer et al. 1992). Age-1 summer flounder taken 
from Chesapeake Bay and nearshore coastal waters during this study exhibited their first 
annulus mainly during May-June, at sizes ranging from 179-367 mm TL.
Backcalculated lengths at age for male summer flounder from this study agree 
with those of Poole (1961) from Great South Bay, NY. Backcalculated lengths at age for 
males from this study were 249, 337, 393 and 455 mm TL for ages 1-4, while Poole's 
(1961) lengths at age were 251, 326, 387, and 427 mm TL. The only real difference being 
for age-4 males where Poole (1961) had only one fish, while the sample size in this study 
was four. Smith and Daiber's (1977) results for male summer flounder ages 1-7 from 
Delaware Bay would be similar if the ages were adjusted down one year. They assumed 
that the first annulus was at the edge of the core of the otolith nucleus, and the first 
distinct annulus away from the core edge corresponded to a backcalculated length of 27 
cm, a length they considered to be too large for an age-1 fish. When their backcalculated 
lengths are adjusted down one year the resulting lengths at ages 1-6 for males are 260, 
345, 397, 448,493, and 517 mm TL. These estimates then agree with both Poole's (1961) 
results, and those of this study.
Backcalculated lengths at age for female summer flounder from this study also 
agree with the results reported by Poole (1961). Backcalculated lengths at age for females 
ages 1-4 from this study were 273, 379, 470, and 550 mm TL, while Poole's (1961)
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lengths at age were 271, 377, 465, 531, and 644 mm TL for females aged 1-5. Most of 
the larger fish from this study were tagged and released and their sex was unknown, 
therefore no females older than age-4 were positively identified. Readjusting Smith and 
Daiber's (1977) results down one year also resulted in similar lengths at age of 280, 380, 
453, 511, 565, 618, and 661 mm TL for females ages 1-7 from Delaware Bay.
Since many of the fish aged were tagged and released and their sex unknown, all 
the aged fish were combined to provide an overall estimate of the backcalculated lengths 
at age. Backcalculated lengths at ages 1-7 for the pooled sexes were 262, 377, 473, 546, 
600, 655, and 696 mm TL. These lengths were larger than those reported by Poole (1961) 
except for age-1 and age-5, most likely due to differences in sample sizes at age. The 
results of Smith and Daiber (1977) for summer flounder from Delaware Bay were also 
similar for the combined sexes, their backcalculated length at age-1 being slightly larger, 
while their lengths at ages 2-7 were somewhat smaller than those from this study (365, 
431, 490, 551, 593, and 661 mm TL). In a recent analysis from fish captured in North 
Carolina and offshore waters north of Cape Hatteras, Monaghan (1992), using scales also, 
reported backcalculated lengths at ages 1-8 for pooled sexes, that were similar to but 
smaller than those found here. He reported backcalculated lengths of 251, 349, 435, 510, 
562, 614, 672, and 737 mm TL for fish ages 1-8. Sample sizes in that study were smaller 
for ages 1-3, but larger for ages 4-8. The difference in that study and this may have been 
due to the different sample sizes, but they may have also reflected a geographic difference 
in growth. Powell (1974) reported backcalculated lengths at ages 1-4 of 217, 328, 410, 
and 452 mm TL, for summer flounder from Pamlico Sound, NC. In South Carolina,
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Wenner et al. (1990) reported a backcalculated length at age-1 of 200-210 mm TL. These 
differences may represent a difference in growth rates o f summer flounder from South 
Carolina and areas to the north.
The von Bertalanffy growth parameters for male summer flounder estimated from 
this study agreed fairly well with previous estimates utilizing the pooled mean 
backcalculated lengths at age. Fogarty (1981) reported an L inf of 727 mm and K = 0.179, 
while Smith and Daiber (1977) gave an L jnf of 620 mm for male summer flounder. 
Richards (1970) reported an L inf of 607 mm for males using an analog simulation model. 
The estimates reported here (L inf = 696 mm, K = 0.202), fall within the range of previous 
estimates for male summer flounder.
The von Bertalanffy growth parameters for female summer flounder (L inr= 1072 
mm, K =0.142) did not agree with previous estimates reported by Fogarty (1981) (L inf 
= 906 mm, K = 0.164), nor the estimates of Smith and Daiber (1977) (L jnf = 880 mm), 
nor Richards (1970) (L jnf = 940 mm). This may have been due to the lack of larger 
known females in the samples of this study which prevented the growth curve from 
reaching an asymptote and inflated the estimate of maximum size.
Estimates of the von Bertalanffy growth parameters for the pooled sex samples (L 
inr = 864 mm, K = 0.211) calculated from this study were also different from reported 
values. Shepherd (1980) reported a maximum size of 1163 mm TL, and K = 0.127, while 
Monaghan (1992) reported values of 1019 mm, K = 0.13. The estimates for the known 
females from this study fell within this range though. Wenner et al. (1990) reported a 
maximum size of 402 mm TL and K = 0.50 for summer flounder from South Carolina.
162
The differences between the previous studies and those of Wenner et al. (1990) have been 
attributed to the smaller number of age classes in the South Carolina study (Monaghan 
1992), or to either life history differences between Mid-Atlantic and South Atlantic Bight 
"stocks", or selective emigration of larger summer flounder from South Carolina waters 
as they grow (Wenner et al. 1990). The differences between the present study and other 
Mid-Atlantic Bight studies may have been the result o f lower numbers o f larger, older 
fish in the present study. The most recent study (Monaghan 1992) aged fish from the 
offshore commercial fishery in addition to fish collected from the coastal and estuarine 
waters, and allowed for increased sampling of or selective sampling of older summer 
flounder.
The reliability of using scales as an ageing tool for summer flounder was 
determined to be adequate during this study for at least the younger fish (ages 0-3). Ages 
determined from scales and otoliths agreed 100% for ages 0-5 (n = 170), percent 
agreement between individual scale readings decreased for age-4 and older summer 
flounder. Shepherd (1980) reported agreement o f 90.5% between scales and otoliths, but 
his sample size was low (n = 21), and only covered ages 4-6. Using scales to age summer 
flounder in studies where the fish cannot be mutilated or killed, such as tagging studies, 
can be a valid method especially if it is used on the younger members of the population.
CHAPTER III
BIOLOGY
INTRODUCTION
Much of the reported literature concerning summer flounder, Paralichthvs dentatus. 
has centered on describing migration patterns through tagging studies (Westman and 
Neville 1946, Poole 1962, Murawski 1970, Lux and Nichy 1981, Monaghan 1992), and 
age and growth (Poole 1961, Eldridge 1962, Powell 1974, 1982, Smith and Daiber 1977, 
Shepherd 1980, Monaghan 1992). For such an important species as summer flounder is, 
relatively few studies have been directed at other aspects of its biology or life history.
The reproductive biology of summer flounder has been investigated by Smith 
(1973), Morse (1981), and more recently by Able et al. (1990). Smith (1973) described 
the distribution of summer flounder eggs and larvae between Cape Cod, Massachusetts 
and Cape Lookout, North Carolina during a one year study and found the most productive 
grounds were off of New York and New Jersey. Spawning began in the fall in the 
northern regions of the study area and progressed southward during the winter. Able et 
al. (1990) reviewed Marine Resources Monitoring, Assessment, and Prediction 
(MARMAP) and National Marine Fisheries Service (NMFS) survey data from 1977-85 
to describe patterns of reproduction and distribution of eggs and larvae of summer 
flounder. Spawning was found to peak in the fall but extended from September to 
January. Morse (1981) examined to reproductive biology of summer flounder during 
1974-79. He determined that summer flounder were serial spawners, shedding up to six 
batches of eggs each winter. Spawning occurred from September to February or March, 
with a peak in November. The estimated annual fecundity was found to range from
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463,000 to 4,188,000 eggs (size range of fish 366-680 mm TL), with a relative fecundity 
(number of eggs per gram total weight) ranging from 1,077 to 1,265. Morse (1981) 
reported mean size at maturity to be 250 mm and 320 mm TL for males and females, 
respectively. The largest immature fish of each sex was 440 mm TL. Powell (1974) stated 
that the minimum size at maturity of summer flounder from Pamlico Sound, NC was 350 
mm TL, and Murawski and Festa (1976) reported a minimum size at maturity of 370 mm 
TL for females taken off of New Jersey. Smith and Daiber (1977) reported minimum size 
at maturity to be 305 mm and 360 mm TL for males and females respectively, in 
Delaware Bay. O'Brien et al. (1993) reported median lengths at maturity for male and 
female summer flounder to be 249 and 288 mm TL, respectively.
The estimation of mortality rates (total, natural and fishing) are instrumental in the 
formulation of management strategies for most species of fish. Summer flounder mortality 
rates have been estimated from tagging studies (Murawski 1970, Lux and Nichy 1981, 
Monaghan 1992), and from survey data Henderson 1979, Fogarty 1981). Maximum 
likelihood estimates of the rate of fishing mortality (F) were derived by the method of 
Paulik (1963) for the tagging studies. Fishing mortality was estimated to be 0.48 and 0.62 
in tagging experiments conducted off of New England (Lux and Nichy 1981). Murawski 
(1970) estimated F to be 0.24 to 0.58 in four experiments off of New Jersey. Monaghan 
(1992) used catch curve analysis to estimate summer flounder mortality rates. Fishing 
mortality estimated from this recent study ranged from 1.34 to 1.69. NMFS bottom trawl 
survey data from 1976-79 were used to estimate survival and fishing mortality by Fogarty 
(1981). Total mortality estimates ranged from 0.67 to 1.35 for females and 0.87 to 2.85
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for males. The age composition data was then pooled for the period to reduce the effect 
of variable year class strength. Mortality rates were then calculated to be 0.93 to 1.11 for 
females and males respectively. Henderson (1979) reported estimates of Z ranging from 
0.53 to 1.42 for summer flounder. Absence of male summer flounder older than age 7 
may be due to a higher natural mortality (Poole 1966, Chang and Pacheco 1976).
Other aspects of the life history of summer flounder that have been reported 
include length-weight relations (Lux and Porter 1966, Wilk et al. 1978, Powell 1974), and 
parasitology (Burreson 1981, 1982, Burreson and Frizzell 1986, Burreson and Zwemer 
1984, Jansen and Burreson 1990). More recently, investigators have looked at juvenile 
habitat utilization and movements (Wyanski 1990, Wenner et al 1990, Able et al 1990, 
Burke et al 1991, Rountree and Able 1992a, 1992b, 1993, Szedlemayer et al 1992); larval 
growth and development (Burke 1991, Burke et al 1991, Keefe and Able 1993, 1994); 
and daily ration (Malloy 1990, Malloy and Targett 1991, 1994). A recent bibliography of 
studies related to summer flounder has been published (Able and Kaiser 1994).
A review of the literature showed that there were relatively few comprehensive 
studies of the biology of summer flounder, most o f the information has been spotty, and 
it has usually been gathered as a secondary objective or even as a byproduct of the 
intended work. Unfortunately, such is the case here also. The primary objectives o f this 
study were to examine stock composition through tagging and to describe the age and 
growth of summer flounder in Virginia waters. Biological and catch per unit effort 
(CPUE) data were gathered where possible during the course o f the tagging study and are 
reported in the following chapter.
METHODS
Catch per unit effort- (CPUE) statistics were collected for each individual tow 
made during 1987-89. Numbers of summer flounder caught, tow duration (minutes), and 
location data were recorded for each. Between year comparisons were valid for all 
Chesapeake Bay locations and coastal areas, but Wachapreague data could not be 
compared to these areas due to the use of a smaller boat and smaller net. Tows were 
standardized by time and then compared from year to year. Within year comparisons were 
not attempted since the tagging results indicated some movement o f fish during the 
summer and the lack of repeated tows from standardized areas. The first year o f the study 
was spent mainly trying to determine areas of high summer flounder abundance in order 
to tag and release as many fish as possible.
All fish captured were measured for total length (TL in mm), and weights (in gms) 
were recorded when conditions were favorable at sea. All subsamples brought to the 
laboratory were weighed. Length-weight relations were calculated by simple linear 
regression using the log-log transformation (log,0) o f total weight and total length, with 
weight being the dependent variable. Relations were calculated for each sex and for 
pooled sexes.
Subsamples o f fish unsuitable for tagging were examined macroscopically for sex 
and stage o f maturity following the schedule of Morse (1981). Sex ratios and stage of 
maturity were examined by 10 mm size groups over the size range offish  subsampled.
Surival rates and total mortality rates o f summer flounder were estimated from the
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length frequency data first using the method of Heincke (Everhart and Youngs 1981):
S = ( n - n 0 ) / n
where: S = estimate of survival,
n = sum of all the age frequencies in the sample, 
n0 = the frequency of the first fully recruited age.
Total mortality was then estimated by:
A =  1 -S
where: S = estimate of survival,
A = estimate of total mortality.
Instantaneous rates of mortality were then calculated from the formula:
Z = -Ln S 
where: S = estimate of survival,
Z = estimate of total mortality.
Estimates of survival and mortality were made for Wachapreague separate from 
those of Chesapeake Bay and the coastal waters due to the differences in gear.
Survival and mortality rates were then calculated using the variable survival- 
unknown recruitment methods outlined in Everhart and Youngs (1981). Survival between
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two years was estimated by the ratio of the sum of fish aged 2 through k (k = oldest age 
in sample) in the second year, divided by the sum of the fish aged 1 (age-1 being the first 
fully recruited ageclass to each gear in this study) through k - 1 from the first year.
RESULTS
Total lengths and weights were recorded from 2,172 summer flounder during
1987-89. An additional 1,370 fish were examined in 1990 from Chesapeake Bay for a
total sample size of 3,542 fish. The overall size range of fish examined was 50-553 mm 
TL. The length-weight relation for all summer flounder pooled was:
Log (WT) = -5.31 + 3.122 Log (TL); n = 3,542; r 2 = 0.99.
For males only:
Log (WT) = -5.491 + 3.197 Log (TL); n = 1,136; r 2 = 0.98.
For females only:
Log (WT) = -5.521 + 3.206 Log (TL); n « 1,549; r 2 = 0.984.
For males and immature fish (<200mm):
Log (WT) = -5.194 + 3,077 Log (TL); n » 1,534; r 2 = 0.995.
For females and immature fish:
Log (WT) = -5.22 + 3.086 Log (TL); n = 1,947; r 2 = 0.995.
A total of 5,300 summer flounder were examined macroscopically to determine 
their sex (Table 26). The size range of fish examined was 50-587 mm TL. The overall 
sex ratio was 1,890 males to 2,487 females (1.0:1.32). A total of 923 fish had 
undifferentiated gonads and their sex could not be determined. Females were more 
numerous than males at sizes greater than 360 mm TL (Table 26). The sex ratio was 
1.0:1.05 for length groups (10 mm) up to and including 350 mm, but was
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Table 26. Overall sex ratio of summer flounder b y  10 mm
length intervals.
X:
<150 290
160 11
170 12
180 22
190 54
200 117
210 144
220 117
230 70
240 38
250 16
260 2
270 1
280 1
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
>450
F %F
2 0
8 80.0
11 68.8
12 53 .3
16 66.7
20 54.1
34 40.5
43 34 .4
78 38.6
117 45.7
150 50.3
181 54.4
181 58.4
148 53 .6
138 52 .7
152 54.1
126 55.3
97 46.4
96 46.4
99 53 .2
100 62.5
87 58.0
69 69.0
78 76 .5
62 75.6
56 78.9
73 92.4
52 96.3
44 93 .6
33 97.1
31 100
93 95.9
M
3
2
5
9
8
17
50
82
124
139
148
152
129
128
124
129
102
112
111
87
60
63
31
24
20
15
6
2
3
1
0
4
Overall 923: 1890: 2487 56.8
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1.0:4.01 for summer flounder greater than 350 mm TL. Sex ratios were calculated by year 
to examine differences due to growth and varying recruitment (Table 27). In 1987, males 
were more numerous at size intervals from 191 to 240 mm TL. Females outnumbered 
males at size intervals greater than 251-260 mm. Males outnumbered females during 1988 
for sizes ranging from 221-330 mm TL, while females were more numerous at size 
intervals greater than 331-340 mm. During 1989 the split between males and females was 
not as clear as the previous two years. Males and females were almost equally numerous 
at size intervals up to and including 281-290 mm TL. Females were more numerous from 
291-330 mm and males were more numerous from 331-370 mm TL. Females were then 
more numerous at size intervals greater than 371-380 mm TL. In 1990, males and females 
were equally numerous up to 250 mm TL, while females outnumbered males at sizes 
greater than 251-260 mm TL.
A total of 4,325 summer flounder were examined macroscopically to determine 
their stage of maturity (Table 28). Mature males were first observed at 221-230 mm TL, 
while immature males were observed up to at least 360 mm. Three males, in length 
intervals 380-410 mm, were classified as immature but may have been misidentified. 
Males attained 50% maturity at 261-270 mm TL. Mature female summer flounder were 
first observed at 231-240 mm TL, while immature females were observed at sizes up to 
at least 460 mm. Four females, from 471-540 mm TL were classified as immature still 
but they may also have been misidentified. Females attained 50% maturity at 361-370 mm 
TL.
Overall catch per unit effort (CPUE) decreased fifty percent (50%) for each
Table 27. Sex ratios of summer flounder by 10 mm length
intervals for each year.
1987 1988 1989 1990
I: M: F %F I: M: F %F I : M: F %F I : M: F %F
<150 32: 0: 0 0 _ 4 : 0: 0 0 282 : 3: 2 40
160 - - - 1 : 0: 0 0 10 : 2: 8 80
170 - - - 1 : 1: 0 0 11 : 4:11 73
180 4: 0: 0 0 - 1: 1: 0 0 17 : 8:12 60
190 2: 1: 0 0 - 7 : 0: 3 100 45 : 7:13 65
200 16: 5: 4 44 0: 2: 1 33 5 : 5: 5 50 96 : 5:10 67
210 30:36:29 45 0: 2: 2 50 5: 5 50 114 : 7: 8 53
220 29:69:35 29 0:4: 0 0 3: 6 67 88 : 6: 2 25
230 17:98:59 38 1: 9: 5 36 4: 6 60 52 :13: 8 38
240 5:89:81 48 0:10: 6 38 2: 2 50 33 :38 :28 42
250 1:75:81 52 1: 6 : 4 40 5: 5 50 14 :62:60 49
260 0:41:61 60 0:24:18 43 12: 6 33 2 :75:96 56
270 26 :29 53 0 :18:10 36 12 :12 50 1 :73:13 0■ 64
280 29 :31 52 1:23:14 38 18:17 49 58:76 57
290 33 :53 62 35 :10 22 19: 6 24 37:69 65
300 27:62 70 69:16 19 13 :20 61 21:54 72
310 20:60 75 59:20 25 10 :18 64 13 :28 68
320 12 :50 81 80:12 13 7:17 71 13 :18 58
330 8:49 86 81:25 24 17 :22 56 5:10 67
340 6:29 83 39:42 52 25 :18 42 7:10 59
350 0:29 100 23 :43 65 34 :18 35 3 :10 77
360 5:24 83 34 :42 55 21:11 34 3 :10 77
370 4:17 81 13 :39 75 13: 5 28 1: 8 89
380 3 :15 83 9:35 80 11:19 63 1: 9 90
390 2: 8 80 6 :23 79 8 :19 70 4:12 75
400 0 :13 100 8:21 72 5:12 71 2: 9 82
410 1: 7 88 3:39 93 1:17 94 1: 9 90
420 0: 8 100 1:24 96 0:12 100 1: 8 89
430 0: 6 100 2:25 93 1: 5 83 0: 8 100
440 0: 5 100 1:15 94 0: 5 100 0: 8 100
450 0: 5 100 0:16 100 0: 2 100 0: 8 100
>450 0: 9 100 2:35 95 1:15 94 1:35 97
<150
160
170
180
190
2 00
210
2 2 0
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
>450
28. Immature (I) versus mature (M) summer flounder by 
10 mm length intervals for males and females, all 
years pooled.
Male Female
I M %M I M %M
3 0 0 - - -
2 0 0 8 0 0
5 0 0 11 0 0
9 0 0 12 0 0
8 0 0 16 0 0
17 0 0 20 0 0
50 0 0 35 0 0
81 0 0 42 0 0
123 1 0.8 79 0 0
132 6 4.4 116 1 0.9
131 13 9.0 149 2 1.3
111 38 25.5 173 8 4.4
63 64 50 .4 177 2 1.1
50 73 59,4 137 8 5.5
33 91 73.4 115 18 13.5
34 96 73 . 9 123 26 17.5
22 80 78.4 88 33 27.3
21 92 81.4 63 30 32.3
17 94 84.7 53 44 45.4
10 67 87. 0 65 34 34.3
8 52 86.7 61 38 38.4
7 54 88 .5 49 39 44.3
0 32 100 29 40 58.0
1 21 95.5 34 43 55. 8
0 20 100 17 42 71.2
1 15 93 .8 12 44 78.6
1 6 85.7 7 62 89. 9
3 100 2 49 96.1
3 100 6 41 87.2
1 100 5 27 84.4
1 100 2 27 93 .1
4 100 9 85 90.4
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year o f the tagging study, 1987-89 (Table 3, Fig. 4). The overall number of summer 
flounder caught per minute of tow time (cpm) decreased from 1.65 in 1987, to 0.79 in 
1988, and to 0.40 in 1989. CPUE decreased most dramatically at Wachapreague from 
1987 to 1988, as cpm decreased from 1.47 to 0.26. CPUE increased slightly to 0.34 cpm 
at Wachapreague in 1989. Catch per unit effort decreased from 1.7 cpm in 1987 to 0.98 
in 1988, and to 0.44 in 1989 for the combined Chesapeake Bay and Virginia coastal 
waters.
The catch per unit effort statistics and age and growth data were then combined 
to derive survival and total mortality estimates (Table 29). The length frequencies and age 
and growth work determined that age-1 fish were the first ageclass fully recruited to both 
gears used in this study. Survival rates for summer flounder captured in Chesapeake Bay 
and the coastal waters ranged from 0.191 in 1987 to 0.381 in 1988. The survival rate 
calculated for 1989 was intermediate between the other two, 0.256. Survival rates for fish 
caught at Wachapreague ranged from a low of 0.027 in 1987 to 0.43 in 1989. The 
survival rate for summer flounder captured at Wachapreague in 1988 was 0.231.
The instantaneous rates of mortality for summer flounder caught in Chesapeake 
Bay and the coastal waters ranged from a low of 0.964 in 1988, to 1.655 in 1987. The 
instantaneous rates of mortality for summer flounder caught at Wachapreague ranged from 
0.844 in 1989 to 3.608 in 1987.
Table 29. Numbers of summer flounder caught by age and area, 1987- 
89.
Year of Ageclass
Capture Area 0 1 2 3 4 5 6
1 9 8 7 CB/VC 3 2 7 8 3 9 0 7 7 7 0 1 2 9 1 7 4 3
1 9 8 8 ri 2 4 2 3 7 4 5 2 1 0 3 1 5 8 3 9 5 3
1 9 8 9 ii 4 1 4 9 6 6 2 3 4 9 3 6 - -
1 9 8 7 Wach. 2 8 8 1 3 2 9 3 3 1 2 1
1 9 8 8 it - 4 7 3 1 3 3 4 3 1 1
1 9 8 9 it 2 0 5 4 2 8 2 6 4 5 5 2 2 -
H 
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DISCUSSION
Few comprehensive studies of the biology of summer flounder, Paralichthvs 
dentatus. have been undertaken in the past, and even fewer have made their way into the 
peer reviewed literature. Most research has been directed at specific aspects of the life 
history of summer flounder such as migration (Westman and Neville 1946, Poole 1962, 
Murawski 1970, Lux and Nichy 1981, Monaghan 1992); age and growth (Poole 1961, 
Eldridge 1962, Powell 1974, 1982, Smith and Daiber 1977, Shepherd 1980, Monaghan 
1992); and reproduction (Smith 1973, Morse 1981). Information concerning other aspects 
of the biology of summer flounder have been gathered as a secondary objective of other 
studies. Such was the case for this study also. The main objectives of this study were to 
identify stock composition through tagging and to describe the age and growth of this 
species in Virginia waters. The results reported in this section may only prove to be 
anecdotal in nature, but it was felt that the effort to report them should be made since 
there have been no studies of the biology of summer flounder from this geographic area.
No attempt to compare the length-weight relationships calculated from this study 
and previous studies was made. Given the changeable nature of the relationship due to 
seasonality and in turn condition factor, attempting to compare the results of this study 
to previous studies seemed fruitless and relatively unimportant. The relationships 
developed here were from observations pooled over three years and provided an average 
relationship between length and weight.
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Morse (1981) reported the sex ratio o f summer flounder to be 1:1 for all 
specimens >21 cm TL during 1974-79. He found that males dominated the length 
intervals between 21-35 cm but were virtually absent at sizes >55 cm TL. Females were 
more abundant at sizes >45 cm. Female summer flounder were more abundant than males 
in this study over the entire size range examined (50-587 mm). The sex ratio was 
approximately 1:1 for fish up to and including 350 mm, but females were four times as 
abundant than males at sizes >350 mm TL. Differential growth between the sexes and 
varying levels of recruitment contributed to the differences in the sex ratios observed from 
year to year during this study.
Male summer flounder attained 50% maturity at 261-270 mm TL, while females 
attained 50% maturity at 361-370 mm TL. Morse (1981) reported lengths at 50% maturity 
for males as 24-27 cm, and females, 30-33 cm TL. Murawski and Festa (1976) stated that 
370 mm was the minimum size at maturity for female summer flounder sampled during 
1963-64. Smith and Daiber (1977) reported minimum sizes o f mature male and female 
summer flounder as 305 mm and 360 mm TL, respectively. The differences between these 
studies may represent regional variations or they may reflect changes in the biology of 
summer flounder following extensive exploitation.
Catch per unit effort (CPUE) statistics compiled during this study reflect a high 
mortality rate of summer flounder. The decrease in CPUE from 1987-89 coincided with 
a decrease in recreational and commercial landings at that time. Studies designed to 
monitor the abundance o f summer flounder in Chesapeake Bay and on the Eastern Shore 
of Virginia, may be able to predict the status of the population in the Mid-Atlantic Bight.
178
Survival rates calculated from data collected in this study also reflect the high 
exploitation rate of summer flounder. Survival rates of summer flounder caught in 
Chesapeake Bay and the coastal waters ranged from 0.19 to 0.38, while the survival rates 
of fish caught at Wachapreague ranged from 0.03 to 0.43. The wide range of values from 
Wachapreague may reflect other influences such as immigration and recruitment variation 
compared to those from the Bay and coastal waters. The population of summer flounder 
inhabiting the waters of Virginia's Eastern Shore each summer may be more dependent 
on recruitment from the northern population than is the Bay population. A higher 
proportion of summer flounder tagged at Wachapreague were subsequently recaptured in 
northern waters than were the fish tagged in Chesapeake Bay and the coastal waters.
The instantaneous rates of mortality calculated in this study ranged from 0.844 to 
3.608. These rates were more than four times the target rate of F (0.23) specified in the 
management plan for summer flounder. The imposition of a coastwide quota management 
scheme for this species since the time of this study should lower the exploitation rate of 
this species and lead to a recovery.
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Appendix A.
TAGNO RA1 MM/DD/YR TL MM/DD/YR G2 Recap Loc3 Days@liberty
00001 W 04/28/87 302 08/10/87 1 W 104
00017 W 04/29/87 366 05/17/87 1 W 20
00018 W 04/29/87 300 07/03/87 1 W 65
00019 W 04/29/87 328 05/22/87 1 W 25
00026 W 04/29/87 261 06/02/87 1 w 34
00029 w 04/29/87 312 05/10/87 1 w 11
00034 w 04/29/87 273 06/--/87 1 w -45
00039 w 04/29/87 303 07/19/87 1 w 81
00040 w 04/29/87 409 05/23/87 1 w 26
00046 w 04/29/87 308 08/10/87 1 w 103
00064 w 04/30/87 410 05/05/87 1 w 5
00081 w 04/30/87 392 05/06/87 1 w 6
00082 w 04/30/87 295 06/17/87 1 w 48
00083 w 04/30/87 273 04/02/88 1 w 337
00093 w 04/30/87 301 05/08/87 1 w 8
00098 w 04/30/87 282 08/01/87 1 w 93
00100 w 04/30/87 397 06/02/87 1 w 33
00116 w 04/30/87 278 06/04/87 1 w 35
00126 w 04/30/87 514 08/06/87 1 w 98
00128 w 04/30/87 277 05/10/87 1 w 10
00136 w 04/30/87 333 05/15/87 1 w 15
00138 w 04/30/87 340 06/03/87 1 w 34
00143 w 04/30/87 382 05/04/87 1 w 4
00146 w 04/30/87 310 05/06/87 1 w 6 •
00147 w 04/30/87 318 04/15/88 1 w 350
00150 w 04/30/87 268 07/03/87 1 w 64
00168 w 04/30/87 266 07/13/87 1 w 74
00173 w 04/30/87 254 06/30/87 1 w 61
00179 w 04/30/87 312 05/15/87 1 w 17
00180 w 04/30/87 287 08/01/87 1 w 93
00184 w 04/30/87 252 05/18/87 1 w 20
00197 w 04/30/87 306 06/07/87 1 w 38
00205 w 05/01/87 279 08/08/87 1 w 99
00207 w 05/01/87 259 02/--/88 2 VA/NC Coast -290
00212 w 05/01/87 290 05/18/87 1 w 17
00219 w 05/01/87 280 09/-25/87 1 w "147
00222 w 05/01/87 291 05/09/87 1 w 8
00226 w 05/01/87 325 05/08/87 1 w 7
00233 w 05/01/87 286 07/07/87 1 w 67
00234 w 05/01/87 281 07/09/87 3 w 69
00235 w 05/01/87 307 05/02/87 1 w 1
00240 w 05/01/87 272 07/14/87 1 Metompkin Inlet, VA 74
00250 w .05/01/87 251 09/19/87 1 W 141
00267 w 05/01/87 319 07/05/87 1 w 65
00278 w 05/01/87 262 12/--/87 2 Unknown "230
00304 MG 05/11/87 269 06/22/88 1 Sandy Hook, NJ 407
00331 MG 05/11/87 308 08/05/87 1 CC 86
00378 MG 05/11/87 269 07/03/88 1 Poquoson Flats, 418
Ches.Bay {CB)
00383
00391
00407
00446
00453
00469
00472
00490
00513
00519
00549
00567
00579
00585
00594
0 0 6 1 1
0 0 6 2 1
00639
00641
00646
00651
00685
00705
00710
00734
00743
00749
00762
00773
00775
00780
00787
00799
00814
00824
00833
00888
00895
00918
00968
00996
00997
01014
01036
01069
01078
01091
MG 05/11/87 287 12/--/89 2 Off Ocracoke, NC -948
MG 05/11/87 257 02/--/88 2 VA/NC Coast -280
MG 05/11/87 267 06/12/88 1 Ship Shoal Inlet 
E . Shore, VA
397
MG 05/11/87 278 09/30/88 2 Cape May, NJ 507
MG 05/11/87 266 02/25/88 2 12 miles E of 
Oregon Inlet, NC
290
MG 05/12/87 268 01/03/90 2 20 miles E of 
Oregon Inlet, NC
956
MG 05/12/87 343 09/10/88 1 High Level Bridge 486
of the Ches . Bay Bridge Tunnel (CBBT)
MG 05/12/87 300 11/27/87 2 Sandbridge, VA 199
MG 05/12/87 361 11/05/87 2 VA Coast 177
MG 05/12/87 348 12/18/87 2 NC Coast 220
MG 05/12/87 263 11/23/87 2 Unknown 195
MG 05/12/87 262 02/--/88 2 VA/NC Coast -280
MG 05/12/87 292 11/--/87 2 VA/NC Coast -187
MG 05/12/87 406 09/07/87 1 Buoy#23, CB 
Baltimore Channel
118
MG 05/12/87 256 11/25/87 2 Oregon Inlet, NC 197
MG 05/12/87 293 09/02/87 1 2nd Island, CBBT 113
MG 05/12/87 345 02/15/88 2 Cigar 279
MG 05/12/87 285 12/--/87 2 Unknown -217
MG 05/12/87 306 JAN/MAR88 2 VA/NC Coast -275
MG 05/12/87 251 11/23/87 2 Unknown 195
MG 05/12/87 316 03/--/88 2 Unknown -310
MG 05/12/87 258 11/--/87 2 VA/NC Coast -187
MG 05/13/87 292 10/-01/87 1 Nags Head, NC -140
MG 05/13/87 278 10/01/88 2 Cape Henry, VA 506
MG 05/13/87 299 11/05/88 9 Unknown 541
MG 05/13/87 285 11/--/87 2 VA/NC Coast -186
MG 05/13/87 523 09/-10/87 5 Horn Harbor, CB -120
MG 05/13/87 279 11/--/87 2 VA/NC Coast -186
MG 05/13/87 254 06/14/88 1 Unknown 397
MG 05/13/87 274 12/--/87 2 VA/NC Coast -216
MG 05/13/87 254 01/06/88 2 Cape Hatteras, NC 238
MG 05/13/87 331 06/-10/87 5 Coan R ., CB 
(Potomac R. trib.)
-30
MG 05/14/87 252 04/23/88 1 W 344
MG 05/14/87 277 11/--/87 2 VA/NC Coast -185
MG 05/14/87 295 12/--/87 2 NC Coast -215
MG 05/14/87 302 04/10/89 2 Unknown 696
MG 05/14/87 285 11/09/87 2 VA Beach 179
MG 05/14/87 316 11/27/87 2 VA Coast 197
MG 05/14/87 294 JAN/MAR88 2 VA/NC Coast -275
MG 05/15/87 274 11/27/87 2 VA Coast 196
MG 05/15/87 337 05/12/88 1 Quinby, VA 362
MG 05/15/87 273 12/01/87 6 K 200
YR 06/10/87 271 07/01/88 1 Newport News Pt. 
James R., CB
386
YS 06/10/87 337 12/15/87 2 NC Coast 188
YS 06/17/87 304 12/10/87 2 VA/NC Coast 176
YS 06/17/87 274 04/--/88 2 Unknown -300
YS 06/17/87 292 11/--/87 2 VA/NC Coast -150
01120
01157
01182
01189
01205
01207
01225
01241
01275
01275
01277
01293
01295
01298
01325
01329
01330
01333
01348
01353
01358
01362
01365
01371
01372
01377
01387
01409
01410
01412
01424
01427
01447
01451
01463
01483
01484
01492
01495
01508
01514
01517
01520
01521
01534
01537
01541
01546
01549
01561
01567
01588
01591
01613
cc 06/18/87 401 11/18/87 2 DE/MD Coast 153
cc 06/18/87 308 07/28/88 3 CC 325
cc 06/18/87 310 11/--/87 2 VA/NC Coast -150
cc 06/18/87 576 08/12/87 3 CC 55
cc 06/18/87 444 11/24/87 2 Currituck, NC 159
cc 06/18/87 362 11/20/87 2 Cape Henry, VA 155
cc 06/18/87 296 11/24/87 2 Unknown 159
cc 06/18/87 302 11/--/87 2 VA/NC Coast -150
cc 06/18/87 284 08/20/87 3 CC 63
cc 06/18/87 284 09/17/87 3 CC (caught 2x) 91
cc 06/18/87 448 08/12/87 3 CC 55
cc 06/18/87 328 10/30/87 2 VA Coast 134
cc 06/18/87 362 11/17/87 2 VA Beach 152
cc 06/18/87 288 12/08/87 2 Whimble Shoal, NC 173
w 07/06/87 279 07/13/87 1 W 7
w 07/06/87 281 08/08/87 1 W 33
w 07/06/87 320 08/09/87 1 W 34
w 07/06/87 273 07/24/87 1 W 18
w 07/06/87 274 04/25/88 2 Cape Henry, VA 293
w 07/06/87 308 08/01/87 1 W 26
w 07/06/87 276 02/01/88 2 Unknown 210
w 07/06/87 305 07/13/87 1 W 7
w 07/06/87 326 02/--/89 2 Off NJ Coast -580
w 07/06/87 331 09/-25/87 2 Unknown -80
w 07/06/87 295 07/21/87 1 W 15
w 07/06/87 278 08/26/87 1 W 51
w 07/06/87 265 07/15/87 1 w 9
w 07/06/87 294 07/26/87 1 w 20
w 07/06/87 314 08/14/87 1 w 39
w 07/06/87 304 08/23/87 2 Nearshore MD/DE 48
w 07/06/87 261 07/04/88 1 Island Beach, NJ 363
w 07/06/87 282 08/14/87 1 Chincoteague, VA 39
w 07/07/87 282 04/29/88 1 W 296
w 07/07/87 298 05/--/90 4 Unknown 1043
w 07/07/87 257 01/22/88 2 Unknown 199
w 07/07/87 300 07/-10/87 1 W -3
w 07/07/87 294 06/09/88 1 Quinby, VA 337
w 07/07/87 267 06/25/88 1 W 353
w 07/07/87 282 08/09/87 1 W 33
w 07/07/87 319 05/21/88 1 W 318
w 07/07/87 342 07/-10/87 1 W -3
w 07/07/87 263 03/25/88 2 41350/26886(Cigar) 261
w 07/07/87 309 01/13/89 2 Unknown 555
w 07/07/87 282 05/20/88 1 Metompkin Inlet,VA. 317
w 07/07/87 283 07/25/87 1 W 18
w 07/07/87 308 10/16/87 1 W 101
w 07/07/87 314 JAN/MAR88 2 VA/NC coast -210
w 07/07/87 266 07/14/87 1 W 7
w 07/07/87 437 08/06/87 1 W 30
w 07/07/87 303 07/25/87 1 W 18
w 07/07/87 264 08/07/87 1 W 31
w 07/07/87 342 07/25/87 1 W 18
w 07/07/87 289 11/13/87 2 VA Coast 129
w 07/07/87 327 10/10/87 2 Off DE Bay 95
0 1 6 2 2
01625
01627
01635
01636
01660
01662
01696
01701
01704
01708
01718
01729
01732
01738
01781
01797
01804
01809
01813
01866
01869
01B76
01878
01885
01934
01941
01947
01949
01952
02031
02098
02199
02243
02247
02278
02372
02425
02479
02484
02498
02529
02553
02558
02595
02691
02758
02896
02938
w 07/07/87 315 09/--/87 2 Unknown -70
w 07/07/87 308 08/08/87 1 W 32
w 07/07/87 291 07/11/87 1 w 4
w 07/07/87 273 05/19/88 1 Chincoteague, VA 316
w 07/07/87 278 08/14/87 1 W 38
w 07/08/87 267 11/20/88 2 4 miles E of 500
Stone Harbor, NJ
w 07/08/87 256 11/--/87 2 VA/NC Coast -130
w 07/08/87 302 07/31/87 1 W 23
w 07/08/87 284 09/02/87 1 Chincoteague 56
w 07/08/87 305 07/25/87 1 W 17
w 07/08/87 314 08/14/87 1 W 37
w 07/08/87 293 07/28/87 1 W 20
w 07/08/87 367 08/21/87 1 w 44
w 07/08/87 292 07/14/87 1 w 6
w 07/08/87 336 07/13/87 1 w 5
w 07/08/87 272 08/09/87 1 w 32
w 07/08/87 253 07/14/87 1 w 6
w 07/08/87 277 09/-20/87 2 Unknown -75
w 07/08/87 292 08/08/87 1 W 31
w 07/08/87 292 06/15/88 1 W 342
w 07/09/87 353 07/27/87 1 w 18
w 07/09/87 324 07/19/87 1 w 10
w 07/09/87 311 04/-10/88 2 20 miles E of -275
Oregon Inlet
w 07/09/87 299 09/12/87 2 Unknown 65
w 07/09/87 313 04/27/88 1 W 292
w 07/09/87 298 JAN/MAR88 2 VA/NC Coast -210
w 07/09/87 289 06/13/88 1 W 341
w 07/09/87 328 07/31/87 1 W 22
w 07/09/87 297 08/08/87 1 W 30
w 07/09/87 283 08/02/87 1 W 24
VC 07/28/87 295 03/--/88 2 Unknown -230
VC 07/28/87 493 11/18/87 2 Currituck, NC 113
VC 07/28/87 458 12/--/87 2 VA Coast -135
VC 07/29/87 266 JAN/MAR88 2 VA/NC Coast -200
VC 07/29/87 344 01/--/88 2 Oregon Inlet, NC -170
VC 07/29/87 315 07/03/88 1 Sea Bright, NJ 339
VC 07/29/87 366 08/21/87 1 Oregon Inlet, NC 23
VC 07/29/87 429 02/10/89 2 Cigar 561
VC 07/29/87 364 03/25/88 2 41250-26850 239
(5 miles NE Cigar)
VC 07/29/87 303 09/20/87 1 VA Beach 53
VC 07/29/87 282 02/25/88 2 12 miles E of 
Oregon Inlet, NC
200
VC 07/29/87 291 02/22/88 2 Off VA 200
VC 07/30/87 287 11/09/87 2 VA Coast 102
VC 07/30/87 292 11/19/87 2 VA Coast 112
VC 07/30/87 276 12/10/87 2 N of Oregon Inlet 133
VC 07/30/87 352 01/15/88 2 Unknown 169
VC 07/30/87 293 09/12/87 1 VA Beach 44
cc 08/10/87 423 12/20/87 2 Cape Henry, VA 132
cc 08/11/87 526 01/14/88 2 Washington Canyon 156
02957 CC 08/11/87 489 02/06/88 2 70 miles E of 
Cape Henry, VA
179
03022 CC 08/11/87 285 11/24/87 2 Unknown 105
03024 CC 08/11/87 425 12/11/87 2 Sandbridge, VA 122
03028 CC 08/11/87 467 05/05/88 9 Ragged Pt., 
Potomac R ., CB
267
03052 CC 08/11/87 631 05/18/88 3 CC 280
03052 CC 08/11/87 631 01/23/89 2 Unknown 530
03078 CC 08/11/87 476 11/25/87 2 "Offshore" 106
03107 CC 08/11/87 408 11/24/87 2 VA Beach 105
03129 CC 08/11/87 338 12/15/87 2 Unknown 126
03146 CC 08/11/87 437 11/20/87 2 Cape Henry, VA 101
03172 CC 08/11/87 295 11/25/87 1 Outer Banks, NC 106
03186 CC 08/11/87 316 11/23/87 2 Unknown 104
03202 CC 08/11/87 308 03/--/89 2 VA Coast -580
03206 cc 08/11/87 448 12/03/87 2 Currituck, NC 114
03213 cc 08/11/87 320 01/--/88 2 Unknown -150
03234 cc 08/12/87 333 08/27/88 1 CC 380
03246 cc 08/12/87 379 08/--/87 1 CC <10
03280 cc 08/12/87 515 07/16/88 1 CC 338
03283 cc 08/12/87 397 11/30/87 2 Currituck, NC 110
03284 cc 08/12/87 311 08/22/87 1 CC 10
03285 cc 08/12/87 504 01/--/88 2 Oregon Inlet, NC -150
03390 cc 08/13/87 280 02/19/88 2 Norfolk Canyon 190
03401 cc 08/13/87 435 12/14/87 2 42255-26810 123
08/13/87
{-25 miles E of Chincoteague, VA)
03403 cc 289 09/17/87 3 CC 35
03407 cc 08/13/87 260 01/20/89 2 Unknown 525
03446 cc 08/13/87 333 02/10/89 2 Cigar 546
03462 cc 08/13/87 323 12/23/87 2 Unknown 132
03478 cc 08/13/87 302 JAN/MAR88 2 VA/NC Coast -200
03503 cc 08/13/87 336 11/29/88 2 Unknown 473
03505 cc 08/13/87 278 JAN/MAR88 2 VA/NC Coast -200
03506 cc 08/13/87 278 01/12/89 2 Unknown 517
03510 cc 08/13/87 429 12/10/87 2 1 mile E of 
Oregon Inlet, NC
119
03516 cc 08/13/87 360 07/06/88 4 CC 327
03538 cc 08/13/87 423 12/01/87 2 Currituck, NC 110
03558 cc 08/13/87 317 10/20/88 2 Chincoteague, VA 433
03563 cc 08/13/87 297 09/17/87 3 CC 35
03565 cc 08/13/87 404 11/20/87 2 20 miles S of 
Cape May, NJ
99
03570 cc 08/13/87 360 11/27/87 2 VA Coast 106
03585 cc 08/13/87 302 12/-10/87 2 Cape Henry, VA -120
03598 cc 08/13/87 315 11/--/87 2 VA/NC Coast -95
03600 cc 08/13/87 305 11/--/87 2 VA/NC Coast -95
03622 cc 08/13/87 277 05/28/88 1 W 288
03629 cc 08/13/87 350 12/--/89 2 Off Ocracoke, NC -850
03640 cc 08/13/87 387 12/11/87 2 VA Coast 120
03664 cc 08/13/87 292 08/23/88 3 CC 375
03671 cc 08/13/87 314 11/20/87 2 Cape Henry, VA 99
03672 cc 08/13/87 325 01/12/89 2 Unknown 517
03693 cc 08/13/87 278 01/23/89 2 Unknown 528
03698 cc 08/13/87 490 11/13/87 4 YS 92
03722 CC 08/13/87 335 07/04/88 1 Cape May Lt., NJ 325
03732 CC 08/13/87 323 12/10/87 2 Cape Henry, VA 119
03741 CC 08/13/87 503 10/15/87 5 Smith Beach, CB 63
03757 CC 08/13/87 434 11/20/87 2 Cape Henry, VA 99
03768 CC 08/13/87 - 10/23/87 5 CC 71
03801 YS 08/17/87 437 08/13/88 1 Buoy #36, CC, CB 361
03968 CC 08/20/87 417 10/22/87 1 CC 63
04006 CC 08/20/87 460 12/-10/87 2 1 mile E of 
Oregon Inlet, NC
-113
04060 CC 08/20/87 269 11/02/87 1 CC 74
04071 cc 08/20/87 374 03/--/88 2 Unknown -200
04077 cc 08/20/87 268 09/17/87 3 CC 28
04115 cc 08/20/87 509 no information
04145 cc 08/20/87 300 JAN/MAR88 2 VA/NC Coast -200
04157 cc 08/20/87 387 09/23/87 1 Tolson1s Pt., 
Rapp. R ,, CB
34
04162 cc 08/20/87 373 11/--/87 2 VA/NC Coast -88
04384 MG 09/15/87 344 03/--/88 2 Unknown -180
04407 MG 09/15/87 358 12/23/87 2 Unknown 222
04451 MG 09/15/87 317 02/--/91 2 Unknown -1217
04465 MG 09/15/87 320 07/03/88 1 Great Egg Harbor 
NJ
Unknown
296
04481 MG 09/15/87 335 11/25/87 2 71
04776 CC 09/17/87 320 JAN/MAR88 2 VA/NC Coast -200
04844 CC 09/17/87 494 07/29/88 3 CC 305
04844 cc 09/17/87 494 08/10/88 3 CC 327
04844 cc 09/17/87 494 11/08/88 2 Unknown 417
04857 cc 09/17/87 578 10/12/87 5 CC 25
04927 K 09/17/87 420 JAN/MAR88 2 VA/NC Coast -150
04944 K 09/17/87 287 05/27/88 1 Sandy Hook, NJ 252
04964 K 09/17/87 309 03/24/88 2 Oregon Inlet, NC 188
04969 K 09/17/87 340 11/14/87 1 4th Isl. of CBBT 58
05015 K 09/17/87 306 01/15/89 2 Unknown 485
05023 K 09/17/87 363 08/27/88 1 Tangier Lt. , CB 344
05047 CC 09/17/87 253 07/28/88 3 CC 304
05077 K 09/17/87 468 12/03/87 2 Off Currituck, NC 77
05084 K 09/17/87 371 06/-25/88 1 Rappahannock R. 
Buoy #8, CB
-282
05111 W 05/02/88 351 05/15/88 1 W 13
05114 W 05/02/88 354 05/19/88 1 W 17
05115 W 05/02/88 326 05/16/88 1 W 14
05116 W 05/02/88 390 05/15/88 1 W 13
05119 W 05/02/88 345 05/19/88 1 W 17
05120 W 05/02/88 390 05/16/88 1 W 14
05121 W 05/02/88 290 05/25/88 1 W 23
05125 W 05/02/88 330 05/20/88 1 W 18
05143 W 05/02/88 351 05/24/88 1 w 22
05153 W 05/02/88 357 06/08/88 3 w 37
05157 W 05/02/88 351 05/14/88 1 w 12
05158 W 05/02/88 444 05/29/88 1 w 27
05159 W 05/02/88 390 03/--/89 2 VA Coast -315
05164 W 05/02/88 290 09/20/88 2 3 miles E of 
Wallops Isl., VA
141
05167 W 05/03/88 356 05/13/88 1 W 10
05168
05169
05174
05175
05178
05188
05190
05191
05195
05200
05202
05204
05209
05210
05214
05215
05219
05222
05232
05246
05271
05293
05297
05311
05312
05319
05328
05331
05340
05342
05394
05419
05441
05482
05488
05513
05514
05522
05525
05526
05527
05529
05530
05534
05538
05541
05542
05566
05567
05574
05581
05586
05594
w 05/03/88 335 08/13/88 1 W 102
w 05/03/88 396 05/13/88 1 W 10
w 05/03/88 344 01/15/89 2 Unknown 258
w 05/04/88 379 01/23/89 2 Unknown 265
w 05/04/88 333 05/07/88 1 W 3
w 05/04/88 275 12/15/88 2 Off Chincoteague 225
w 05/04/88 285 05/20/89 1 Chincoteague, VA 381
w 05/04/88 285 05/24/88 1 W 20
w 05/04/88 377 05/31/88 1 W 27
w 05/04/88 280 06/--/90 1 Gargathy Bay, VA -760
w 05/04/88 383 05/22/88 1 W 18
w 05/04/88 341 05/15/88 1 W 11
w 05/04/88 268 11/01/89 2 Unknown 546
w 05/04/88 347 05/20/88 1 W 16
w 05/04/88 261 07/30/89 1 Del. Bay 452
w 05/04/88 274 05/24/88 1 W 20
w 05/04/88 512 06/16/88 1 W 43
w 05/04/88 357 05/28/88 1 W 24
w 05/04/88 355 03/-15/89 2 Norfolk Canyon -315
MG 05/16/88 426 01/23/89 2 Unknown 252
cc 05/17/88 402 03/--/89 2 VA Coast -300
cc 05/17/88 283 01/12/89 2 Unknown 240
cc 05/17/88 288 07/28/88 3 CC 72
cc 05/17/88 395 08/09/88 3 CC 84
cc 05/17/88 340 01/12/89 2 Unknown 240
cc 05/17/88 518 06/12/88 1 CC 26
cc 05/17/88 352 08/23/88 3 CC 98
cc 05/17/88 412 04/04/89 2 Norfolk Canyon 322
cc 05/17/88 362 06/04/89 1 Barden's Inlet, NC 383
cc 05/17/88 415 10/20/88 2 Cape Henry, VA 156
cc 05/17/88 370 11/01/88 2 Unknown 168
cc 05/17/88 355 11/10/88 2 Cape Henry, VA 177
cc 05/18/88 325 01/20/89 2 Cigar 247
cc 05/18/88 266 08/09/88 3 CC 83
cc 05/18/88 435 12/14/88 2 "Off NJ" 210
cc 05/18/88 533 10/23/88 2 Smith Isl. Shoals 158
~5 miles NE CB mouth
cc 05/18/88 359 09/24/88 1 Unknown 129
cc 05/18/88 360 08/11/88 3 CC 85
cc 05/18/88 332 12/07/88 2 Unknown 203
cc 05/18/88 387 11/08/88 9 Unknown 174
cc 05/18/88 366 11/21/88 2 False Cape, VA 187
cc 05/18/88 356 10/15/88 2 Unknown 150
cc 05/18/88 421 03/-10/89 2 Unknown -290
cc 05/18/88 394 01/20/89 2 Norfolk Canyon 247
cc 05/18/88 397 08/10/88 3 CC 84
cc 05/18/88 359 01/13/89 2 Unknown 240
cc 05/18/88 387 11/05/88 2 Unknown 171
cc 05/18/88 631 08/25/88 3 CC 99
cc 05/18/88 335 01/23/89 2 Unknown 250
cc 05/18/88 400 03/--/89 2 VA Coast -300
cc 05/18/88 392 07/28/88 3 CC 71
cc 05/18/88 419 01/15/89 2 Unknown 242
cc 05/18/88 387 10/20/88 2 Unknown 155
05597
05601
05610
05613
05618
05623
05638
05640
05644
05645
05647
05648
05655
05660
05661
05676
05678
05697
05704
05706
05717
05724
05741
05746
05765
05797
05811
05833
05838
05844
05849
05850
05855
05871
05963
05965
05978
05999
06015
06066
06072
06111
06122
06148
06153
06175
06179
06184
CC 05/18/88 369 03/--/89 2 VA Coast -300
cc 05/18/88 384 10/25/88 2 Unknown 160
cc 05/18/88 635 10/20/88 2 Cape Henry, VA 155
cc 05/18/88 386 10/20/88 2 Smith Isl. Shoals 155
-5 miles NE CB mouth
cc 05/18/88 371 08/23/88 3 CC 97
cc 05/18/88 295 02/03/89 2 20 miles NE of 261
Oregon Inlet, NC
cc 05/18/88 347 01/23/89 2 Unknown 250
cc 05/18/88 378 01/15/90 2 Unknown 579
cc 05/18/88 402 08/10/88 3 CC 84
cc 05/18/88 395 03/04/89 2 Cape Hatteras, NC 290
cc 05/18/88 415 07/28/88 3 CC 71
cc 05/18/88 319 11/15/88 9 Unknown 181
cc 05/19/88 328 10/27/88 5 CC 161
cc 05/19/88 288 08/19/88 1 CC 92
cc 05/19/88 333 01/23/89 2 Unknown 249
cc 05/19/88 336 01/23/89 2 Unknown 249
cc 05/19/88 270 04/10/89 2 Unknown 326
K 05/19/88 305 01/20/89 2 Cigar 246
K 05/19/88 326 01/30/89 2 S of Norfolk 
Canyon
256
K 05/19/88 309 09/03/88 1 CC 107
K 05/19/88 300 10/05/89 2 Off DE Bay 504
K 05/19/88 281 06/18/88 1 K 30
K 05/19/88 266 08/16/88 1 K 89
K 05/19/88 335 08/14/88 1 K 87
K 05/19/88 373 01/12/89 2 Unknown 238
K 05/19/88 291 07/15/89 1 Sea Bright, NJ 422
K 05/19/88 261 01/12/89 2 Unknown 238
MG 05/19/88 403 09/10/88 1 K 114
MG 05/19/88 352 11/-18/89 2 Currituck, NC -517
CC 05/19/88 353 08/11/88 3 CC 84
MG 05/19/88 291 11/02/88 2 VA Beach 167
MG 05/19/88 295 01/12/89 2 Unknown 238
MG 05/19/88 276 05/21/89 '1 Back R., CB 367
MG 05/19/88 415 11/01/89 2 Unknown 500
MG 05/19/88 358 08/28/89 2 5 miles S of 466
Ocean City, MD, 1 mile E
MG 05/19/88 373 06/14/88 1 CC 26
MG 05/19/88 367 08/08/88 1 CC 81
K 05/20/88 360 01/12/89 2 Unknown 237
K 05/20/88 281 10/08/88 1 CC 121
K 05/20/88 276 01/-25/89 2 Unknown -250
K 05/20/88 295 05/23/88 5 K 3
K 05/20/88 268 09/05/88 1 K 108
K 05/20/88 304 01/12/89 2 Unknown 237
K 05/20/88 277 12/--/89 2 Off Ocracoke, NC -574
K 05/20/88 263 08/24/88 3 CC 96
MG 05/20/88 438 03/05/89 2 Unknown 289
MG 05/20/88 394 11/04/88 2 Unknown, landed® 
Wanchese, NC
168
MG 05/20/88 263 11/26/88 2 Cape Henry, VA 190
06225 MG 05/20/88 298 11/23/88 2 6 miles E of 
Oregon Inlet, NC
187
06230 W 06/01/88 403 02/07/89 2 Washington Canyon 252
06235 W 06/01/88 366 01/12/89 2 Unknown 226
06242 w 06/01/88 325 06/16/88 1 W 15
06248 w 06/01/88 284 06/25/88 1 W 24
06250 w 06/01/88 415 05/22/89 5 Newport, RI 355
06264 w 06/01/88 416 06/15/88 1 W 14
06287 w 06/06/88 379 06/17/88 1 W 11
06303 w 06/07/88 285 01/11/89 2 Norfolk Canyon 219
06312 w 06/07/88 264 12/14/88 2 Off NJ 190
06319 w 06/07/88 345 12/--/89 2 Off Ocracoke, NC -555
06321 w 06/07/88 279 06/03/89 1 W 361
06323 w 06/07/88 290 08/09/89 1 Sandy Hook, NJ 428
06344 w 06/07/88 415 07/27/88 1 W 50
06351 w 06/08/88 332 06/25/88 1 W 17
06367 w 06/08/88 296 02/27/89 2 Unknown 265
06369 w 06/08/88 259 06/12/89 3 W 369
06397 MG 06/13/88 443 10/24/88 2 Unknown 133
06401 MG 06/13/88 410 01/23/89 2 Unknown 224
06407 MG 06/14/88 273 01/12/89 2 6 miles E of 
Oregon Inlet, NC
212
06438 VC 06/14/88 351 08/28/88 1 LC 75
06445 VC 06/14/88 463 11/05/88 2 Unknown 144
06464 VC 06/14/88 394 01/23/89 2 Unknown 223
06466 VC 06/14/88 362 11/02/88 2 VA Beach 141
06477 LC 06/15/88 298 01/12/89 2 Unknown 211
06491 LC 06/15/88 402 11/02/88 2 VA Beach 140
06509 MG 06/15/88 331 02/10/89 2 Cigar 240
06520 MG 06/15/88 338 03/-10/89 2 Unknown -268
06536 CC 06/15/88 349 01/10/90 2 Unknown 546
06537 CC 06/15/88 405 03/--/89 2 VA Coast -330
06538 CC 06/15/88 268 01/23/89 2 Unknown 222
06539 CC 06/15/88 327 10/01/88 2 VA Beach 108
06541 CC 06/15/88 341 08/09/88 3 CC 55
06562 VC 06/16/88 341 10/27/88 2 12 miles E of 
Chincoteague, VA
133
06625 w 07/11/88 318 01/02/89 2 W of Baltimore 
Canyon
178
06627 w 07/11/88 321 12/--/89 2 Off Ocracoke, NC -520
06631 w 07/11/88 256 07/15/89 1 Lewes, DE 3t>9
06682 w 07/12/88 285 07/14/88 1 W 2
06694 w 07/12/88 425 01/15/89 2 Unknown 190
06697 w 07/12/88 387 10/08/88 2 VA Beach 88
06703 w 07/12/88 294 12/01/88 2 10/15 miles E of 
DE/MD line
145
06742 w 07/12/88 327 08/06/89 1 Fire I. Inlet, NY 390
06756 w 07/12/88 411 11/10/88 2 Unknown 121
06781 w 07/13/88 342 05/-25/89 2 Unknown -315
06786 w 07/13/88 327 12/12/88 2 30 miles E of 
Metompkin Inlet,
155
VA
06795 w 07/13/88 353 03/--/89 2 VA Coast -240
06814 w 07/13/88 323 01/02/89 2 N of Washington 
Canyon
176
06836 W 07/14/88 422 11/05/88 2 Unknown 114
06837 W 07/14/88 338 09/01/89 1 Beach Haven, NJ 414
06843 w 07/14/88 306 08/06/88 1 W 23
06918 VC 07/26/88 370 03/31/89 2 Unknown 248
06919 VC 07/26/88 349 11/01/88 2 8 miles E of 
Oregon Inlet, NC
98
07029 K 07/28/88 295 08/30/88 1 High Level Bridge 
CBBT
33
07043 K 07/28/88 450 11/04/88 2 Cape Henry, VA 99
07065 K 07/28/88 438 10/15/88 2 Unknown 79
07068 K 07/28/88 311 03/28/89 2 50 miles E of 
Assateague, VA
243
07114 CC 07/28/88 361 09/30/88 1 Fisherman Island, 
mouth of CB
64
07139 CC 07/28/88 407 01/13/89 2 Unknown 169
07147 CC 07/28/88 435 11/01/88 2 Oregon Inlet, NC 96
07161 CC 07/28/88 419 11/28/88 2 Between Norfolk 123 
and Washington Canyons
07167 CC 07/28/88 370 10/15/88 2 12 miles E of 
Quinby, VA
79
07221 CC 07/28/88 428 11/23/88 2 6 miles E of 
Oregon Inlet, NC
118
07227 cc 07/28/88 413 01/13/89 2 Unknown 169
07276 cc 07/28/88 433 01/12/89 2 Unknown 168
07344 cc 07/28/88 460 01/23/89 2 Unknown 179
07353 cc 07/28/88 370 01/23/89 2 Unknown 179
07390 cc 07/28/88 436 01/30/89 2 S of Norfolk 
Canyon
186
07397 cc 07/28/88 401 08/10/88 3 CC 13
07401 cc 07/28/88 442 01/23/89 2 Unknown 179
07450 cc 07/29/88 447 01/15/89 2 Unknown 170
07463 cc 07/29/88 416 03/--/89 2 VA Coast -230
07488 cc 07/29/88 428 12/05/88 2 Cape Henry, VA 129
07495 cc 07/29/88 407 12/22/88 2 Cape Henry, VA 146
07512 cc 07/29/88 434 09/10/88 1 K 43
07514 cc 07/29/88 307 11/16/88 2 20 miles E of 
MD Coast
110
07516 cc 07/29/88 327 10/14/88 2 VA Beach 77
07518 cc 07/29/88 309 09/17/88 1 Unknown 50
07529 MG 08/08/88 418 10/27/88 2 12 miles E of 
VA/NC line
50
07590 cc 08/09/88 397 06/24/89 1 CC 319
07607 cc 08/09/88 301 09/18/88 1 High Level Bridge, 
CBBT
40
07672 cc 08/09/88 448 02/27/89 2 10 miles E of 
Oregon Inlet, NC
166
07719 cc 08/09/88 409 06/10/89 1 CC 305
07794 cc 08/09/88 418 03/--/89 2 VA Coast -200
07795 cc 08/09/88 3 04 11/03/88 2 Unknown 86
07863 cc 08/09/88 455 11/18/88 2 VA/NC stateline 101
07891 cc 08/09/88 428 12/05/88 2 Cape Henry, VA 86
07984 cc 08/10/88 448 10/23/88 2
-5
Smith Isi. Shoals 
miles NE CB mouth
74
07998 cc 08/10/88 446 08/23/88 3 CC 13
08134
08158
08160
08199
08209
08252
08317
08320
08365
08418
08427
08435
08437
08451
08467
08477
08498
08515
08525
08527
08564
08633
08648
08683
08729
08755
08792
08797
08847
08856
08861
08863
08876
08921
08955
09054
09095
09114
09134
09141
09169
09171
09182
09253
09263
09272
09340
CC 08/11/88 427 08/23/88
cc 08/11/88 458 11/04/88
cc 08/11/88 419 10/20/88
cc 08/11/88 381 01/12/89
cc 08/11/88 328 03/-10/89
cc 08/11/88 414 10/--/88
cc 08/11/88 403 11/10/88
cc 08/11/88 315 10/10/88
K 08/11/88 365 07/30/89
K 08/22/88 338 10/18/88
K 08/22/88 353 09/18/88
K 08/22/88 446 09/24/88
K 08/22/88 306 09/15/88
K 08/22/88 317 01/16/89
K 08/22/88 '390 12/--/89
K 08/22/88 334 02/--/90
K 08/22/88 335 02/05/89
K 08/22/88 456 02/02/89
K 08/22/88 436 01/20/89
K 08/22/88 325 03/29/89
CC 08/23/88 353 01/12/89
CC 08/23/88 464 01/12/89
CC 08/23/88 368 01/12/89
CC 08/23/88 455 11/20/88
CC 08/23/88 329 10/04/88
CC 08/23/88 393 01/25/89
CC 08/23/88 438 01/12/89
CC 08/23/88 420 03/--/89
cc 08/23/88 449 09/19/89
cc 08/23/88 332 10/12/88
cc 08/23/88 357 11/17/88
cc 08/23/88 464 01/12/89
cc 08/23/88 365 12/--/89
cc 08/24/88 330 10/01/88
cc 08/24/88 346 03/--/89
cc 08/24/88 387 12/06/89
cc 08/24/88 315 01/30/89
cc 08/24/88 418 06/12/89
K 08/24/88 412 09/24/88
K 08/24/88 465 02/10/89
K 08/24/88 345 09/14/88
K 08/24/88 318 09/25/88
K 08/24/88 353 01/12/89
cc 08/25/88 326 03/15/89
CC 08/25/88 387 11/04/88
cc 08/25/88 319 09/16/88
cc 08/25/88 453 12/05/88
3 cc 12
2 Cape Henry, VA 85
2 Unknown 70
2 Unknown 154
2 Unknown -190
2 VA/NC Coast -65
9 Unknown 91
2 Cape Henry, VA 60
1 Cape May, NJ 353
5 Lewisetta, VA 
Potomac R., CB
57
1 High Level Bridge 
CBBT
27
1 K 33
3 K 24
2 Norfolk Canyon 
to the Cigar
147
2 Off Ocracoke, NC -480
2 Unknown -540
2 Unknown 167
2 NC Coast 164
2 Cigar 151
2 Norfolk Canyon 
to Cigar
199
2 Unknown 142
2 Unknown 142
2 Unknown 142
2 VA Beach 117
2 VA Beach 42
2 Unknown 157
2 Unknown 142
2 VA Coast -205
3 CC 338
2 Cape Henry, VA 50
2 Cape Henry, VA 86
2 Unknown 142
2 Off Ocracoke, NC -480
1 CC 38
2 VA Coast -205
2 30 miles E of 469
Chincoteague: 41949-26923
2 S of Norfolk 
Canyon
185
1 Barnegat Inlet, NJ 292
1 CC 31
1 Pompano Beach, PL 170
3 K 21
2 5-10 miles E of 
Wreck Island, VA
93
2 Unknown 141
2 Norfolk Canyon 210
2 Cape Henry, VA 71
1 CC 22
2 Cape Henry, VA 102
09351 K 08/25/88 363 09/02/88 1 K 8
09375 K 08/25/88 332 09/17/88 1 High Level Bridge 
CBBT
23
09380 K 08/25/88 330 05/18/89 3 K 266
09384 K 08/25/88 350 10/10/88 5 K 46
09389 K 08/25/88 330 12/05/88 2 5-6 miles E of 
Quinby, VA
102
09393 K 08/25/88 364 01/23/89 2 Unknown 151
09405 K 08/25/88 328 03/01/89 2 NC Coast 188
09442 K 08/25/88 374 01/13/89 2 Baltimore Canyon 141
09444 K 08/25/88 317 03/03/89 2 30 miles E of 
Chincoteague, VA
170
09475 K 08/25/88 395 03/-10/89 2 Unknown -175
09503 K 08/25/88 351 09/19/88 1 High Level Bridge 
CBBT
25
09527 K 08/25/88 295 03/15/89 2 Norfolk Canyon 180
09567 VC 09/12/88 348 01/23/89 2 Unknown 133
09644 VC 09/12/88 365 10/15/88 2 Unknown 33
09663 VC 09/12/88 344 12/05/88 2 Cape Henry, VA 84
09674 VC 09/12/88 359 01/12/89 2 Unknown 122
09740 VC 09/13/88 325 01/11/90 2 Cigar 485
09769 VC 09/13/88 299 11/17/88 2 Cape Hatteras, NC 65
09787 VC 09/13/88 320 01/10/90 2 Unknown 484
09959 VC 09/14/88 326 01/23/89 2 Unknown 131
09985 VC 09/14/88 308 08/20/89 1 2nd Isl., CBBT 341
09994 VC 09/14/88 329 11/02/88 2 VA Beach 49
10001 VC 09/14/88 340 01/--/91 2 Unknown 854
10012 CC 09/14/88 482 11/05/88 2 12 miles E of 
VA/NC stateline
50
10014 cc 09/14/88 347 01/13/89 2 Unknown 121
10016 cc 09/14/88 367 01/20/89 2 Cigar 128
10067 cc 09/14/88 454 02/01/89 5 Neuse R., NC 140
10103 cc 09/14/88 437 11/08/88 2 Oregon Inlet to 
Currituck, NC
55
10113 cc 09/14/88 386 01/13/89 2 Unknown 121
10118 cc 09/14/88 457 10/25/88 2 NC Coast 41
10138 cc 09/14/88 440 03/--/89 2 VA Coast -180
10177 cc 09/14/88 451 12/01/88 2 VA/NC statline to 
Oregon Inlet, NC
78
10215 cc 09/14/88 368 01/12/89 2 Unknown 120
10240 cc 09/14/88 360 11/15/88 2 VA Coast nearshore 62
10252 cc 09/14/88 343 01/20/89 2 Norfolk Canyon 128
10259 cc 09/14/88 380 03/--/89 2 VA Coast -180
10277 cc 09/14/88 470 11/10/88 2 Off Kitty Hawk, NC 57
10283 cc 09/14/88 343 11/03/88 2 Unknown 50
10290 cc 09/14/88 438 01/15/89 2 Unknown 123
10297 cc 09/14/88 349 12/10/88 2 Cape Henry, VA 87
10298 cc 09/14/88 507 12/05/88 2 Cape Henry, VA 82
10318 cc 09/14/88 318 10/21/88 2 Cape Henry, VA 37
10329 K 09/14/88 450 03/--/89 2 VA Coast -185
10343 K 09/14/88 457 10/25/88 2 Unknown 31
10345 K 09/14/88 353 01/05/89 2 NJ Shelf 113
10351 K 09/14/88 385 01/23/89 2 Unknown 131
10352 K 09/14/88 335 10/20/88 2 Off Chincoteague,VA 26
10370 K 09/14/88 427 12/05/88 2 Cape Henry, VA 82
10384 K 09/14/88 364 11/15/88 2 Nearshore VA 62
10387 K 09/14/88 343 01/12/89 2 Unknown 120
10394 K 09/14/88 351 01/23/89 2 Unknown 131
10398 K 09/14/88 376 01/03/89 2 Off Cape May, NJ 111
10399 K 09/14/88 390 02/07/89 2 Unknown 146
10411 K 09/14/88 314 06/22/89 1 Ocean City, NJ 281
10413 K 09/14/88 339 11/17/88 2 Off Currituck, NC 64
10428 K 09/14/88 340 01/09/89 2 Off Wanchese, NC 117
10433 K 09/14/88 324 01/06/89 2 Unknown 114
10441 K 09/14/88 330 12/05/88 2 5-6 miles E of 
Quinby, VA
82
10455 K 09/14/88 362 10/23/88 2 Smith Isl. Shoals 29 
-5 miles NE CB mouth
10471 K 09/15/88 391 11/10/88 2 Cape Henry, VA 56
10472 K 09/15/88 3 64 11/20/88 2 VA Beach 66
10474 K 09/15/88 362 04/05/89 2 Unknown 202
10476 K 09/15/88 395 01/15/89 2 Cape Lookout, NC 122
10527 K 09/15/88 367 07/04/89 1 Sandy Hook, NJ 262
10609 MG 09/15/88 447 01/12/89 2 Unknown 119
10671 VC 09/15/88 299 09/11/89 1 3.5 miles S of 3 61 
Cape May canal, DE Bay
10706 VC 09/15/88 346 10/03/88 2 CB Mouth 18
10708 VC 09/15/88 321 09/28/88 2 CB Mouth 13
10721 VC 09/15/88 320 02/02/89 2 Cigar 140
10737 VC 09/15/88 288 09/28/88 2 CB Mouth 13
10740 VC 09/15/88 330 11/27/89 2 Unknown 407
10764 VC 09/15/88 326 03/15/89 2 Norfolk Canyon 183
10779 VC 09/16/88 458 11/01/88 2 8 miles E of 
Oregon Inlet, NC
46
10802 w 04/17/89 470 05/18/89 1 W 31
10805 w 04/17/89 383 05/26/89 1 W 39
10815 w 04/18/89 312 07/03/89 1 W 76
10816 w 04/18/89 545 04/26/89 1 W 8
10822 w 04/18/89 337 06/25/89 1 W 68
10823 w 04/18/89 382 06/12/89 3 W 55
10833 w 04/19/89 452 05/11/89 1 W 22
10834 w 04/19/89 487 10/31/89 2 VA Coast 195
10838 w 04/19/89 437 06/03/89 1 W 45
10844 w 04/19/89 374 05/22/89 1 W 33
10846 w 04/19/89 269 05/20/89 1 W 31
10876 w 04/19/89 423 05/10/89 1 W 21
10883 w 04/20/89 427 03/--/90 2 41314-26895 
-10-15 miles N of
-335
Cigar
10888 w 04/20/89 454 05/18/89 1 W 28
10895 w 04/20/89 373 05/28/89 1 W 38
10899 w 04/20/89 474 06/04/89 1 W 45
10906 w 04/20/89 400 05/10/89 1 W 20
10935 w 05/08/89 284 06/12/89 3 W 35
10965 w 05/09/89 411 07/02/89 1 W 54
10966 w 05/09/89 404 05/13/89 1 W 4
10968 w 05/09/89 325 07/27/89 3 W 79
10971 w 05/09/89 272 05/18/89 1 W 9
10975 w 05/09/89 453 05/26/89 1 W 17
10978 W 05/09/89 291 05/26/89 1 W 17
10982 W 05/09/89 308 03/22/90 2 Between Cigar & 
Norfolk Canyon
317
10990 W 05/09/89 300 07/06/90 1 Metompkin Inlet,VA 423
10994 W 05/09/89 283 02/--/90 2 Unknown -280
10998 W 05/09/89 435 06/12/89 1 W 34
11002 W 05/09/89 256 06/14/89 3 W 36
11008 W 05/09/89 304 05/20/89 1 W 11
11010 W 05/09/89 406 05/07/91 1 w 728
11026 W 05/10/89 326 12/06/89 2 Unknown, Landed© 
Oregon Inlet, NC
210
11032 W 05/11/89 406 07/24/89 3 W 74
11042 MG 05/15/89 346 01/15/90 2 Off VA 245
11122 K 05/16/89 286 05/23/89 9 K 7
11176 CC 05/17/89 253 08/18/89 3 CC 93
11188 CC 05/17/89 444 08/27/89 1 Unknown 102
11196 CC 05/17/89 400 09/25/89 5 K 131
11297 K 05/18/89 289 10/27/89 2 5 miles E of 
Chincoteague, VA
162
11324 VC 05/18/89 307 01/--/92 2 Unknown, landed® 
Wanchese, NC
-975
11341 w 06/12/89 429 07/26/89 3 W 44
11344 w 06/12/89 340 07/15/89 1 W 33
11355 w 06/12/89 448 07/28/89 1 W 46
11407 w 06/13/89 329 08/11/89 1 W 59
11409 w 06/13/89 294 01/10/90 2 Unknown 211
11413 w 06/13/89 302 11/15/89 1 Charleston, SC 155
11425 w 06/13/89 334 07/03/89 1 W 20
11429 w 06/13/89 312 07/07/89 1 Metompkin Inlet, VA 24
11450 w 06/14/89 305 08/11/89 1 W 58
11474 w 06/14/89 305 05/10/91 1 Pawley's Isl., SC 695
11507 w 06/15/89 341 07/03/89 1 W 18
11517 w 06/15/89 427 06/--/90 1 Gargathy Bay, VA -365
11520 w 06/15/89 310 09/25/89 2 3 miles E of 102
06/15/89 02/--/90
Chincoteague, VA
11522 w 322 2 Unknown -250
11651 cc 07/12/89 326 01/22/90 2 41478-26854 194
(S of Norfolk Canyon)
11708 cc 07/12/89 298 09/20/91 2 Unknown 800
11815 cc 07/13/89 349 09/09/89 1 CC 58
11942 w 07/24/89 330 06/05/90 1 Great Bay, NJ 316
11950 w 07/24/89 457 04/26/90 1 Metompkin Inlet,VA 276
11978 w 07/25/89 457 07/24/90 1 Shinnecock Bay, NY 365
12186 MG 08/14/89 440 01/15/90 2 Unknown 154
12209 cc 08/15/89 315 12/02/89 2 Rodanthe, NC 109
12212 cc 08/15/89 350 11/10/90 2 12 miles E of 
Currituck, NC
452
12268 VC 08/16/89 398 10/14/89 1 Sandbridge, VA 59
12304 cc 08/17/89 377 11/-15/89 2 Unknown -100
12308 cc 08/17/89 385 09/19/89 3 CC 33
12368 cc 09/19/89 399 01/15/90 2 "off VA" 118
12386 cc 09/19/89 420 01/20/90 2 Unknown 123
12438 LC 09/21/89 490 04/10/90 1 Ocean City, MD 201
12439 LC 09/21/89 522 10/19/89 2 VA Coast 28
KEY
1 RA = Release Area:
W = Wachapreague; MG = Middle Grounds (Chesapeake Bay-CB);
YR = York River (CB); YS = York Spit (CB); CC = Cape Charles 
(CB) ; VC = Virginia Coast (Atlantic Ocean waters from Cape 
Henry south to Sandbridge, VA) ; K = Kiptopeke (CB) ; LC = 
Little Creek (CB),
2 G = Recapture Gear:
1 = Hook &. Line; 2 = Trawl; 3 = Research Trawl; 4 = Gill Net; 
5= Pound Net; 6 = Crab Dredge; 9 = Unknown.
3 Recap Loc = Recapture Locations:
Same abbreviations as release areas.
